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Abstract

During the period September 1997 to February 1998, the Tupolev 144 Supersonic Flying Laboratory was
used to obtain data for the purpose of enlarging the data base used by models for the prediction of cabin
noise in supersonic passenger airplanes. Measured were: turbulent boundary layer pressure fluctuations
on the fuselage in seven instrumented window blanks distributed over the length of the fuselage;
structural response with accelerometers on skin panels close to those window blanks; interior noise with
microphones at the same fuselage bay stations as those window blanks. Flight test points were chosen to
cover much of the TU-144’s flight envelope, as well as to obtain as large a unit Reynolds number range as
possible at various Mach numbers: takeoff, landing, six subsonic cruise conditions, and eleven supersonic
conditions up to Mach 2. Engine runups and reverberation times were measured with a stationary aircraft.
The data in the form of time histories of the acoustic signals, together with auxiliary data and basic
MATLAB processing modules, are available on CD-R disks.
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1. Introduction

1.1. Tu-144 Program Overview

The Tu-144 modification and flight research program was initiated in September 1994 as part of the
NASA High Speed Research (HSR) program. The overall objectives of the program were to modify and
make flight worthy a Russian Tu-144 supersonic transport aircraft as a flight research test bed and
conduct flight experiments to generate useful data for the HSR program [1]. The original program
consisted of three phases:

Phase I: Aircraft Modification/Refurbishment

An out-of-service Tu-144 supersonic transport aircraft was completely refurbished and re-fitted with
Kuznetsov NK-321 engines. This phase of the program culminated in the first flight of the modified and
refurbished aircraft on 29 November 1996. A photograph of the resulting aircraft, designed the Tu-
144LL supersonic flying laboratory, is shown in Figure 1] Elevation, planform and front-view drawings
of the aircraft are provided in Appendix A|

Phase II: Flight Test Planning and Preparations

Development of plans for six selected experiments and installation of instrumentation and data acquisition
systems on the test aircraft for the experiments was conducted under this phase.

Phase I11: Conduct of Flight Tests

This phase was to establish the airworthiness of the modified test aircraft over the entire flight envelope,
acquire data for the flight experiments, reduce the data to engineering units and evaluate data quality.
Nineteen flights were conducted over the period November 1996 to March 1998. References [1-7]
summarize the six experiments. This phase ended in May 1998.

Phase IV: Follow-On Program

Following the successful completion of the original three phases, a fourth follow-on phase was initiated.
This phase consisted of seven experiments. Eight flights (20-27) were performed during the period
September 1998 to April 1999. References [8-15] summarize the seven experiments. This phase ended
in June 1999.

1.2. Structure/Cabin Noise Experiment 2.1

The data described in this report were collected as part of phase 111 of the program. A companion report
describes the data acquired during the phase IV follow-on program [16]. Coordination of U.S. team
activities was performed jointly by Robert G. Rackl and Stephen A. Rizzi. Coordination of Russian team
activities was performed by Eduard V. Andrianov.

The objectives of this project were formulated in 1994, in coordination with HSR Structural Acoustics
ITD team members, and modified during negotiations with Tupolev in Moscow, Russia, in September of
that year. These were:

¢ Add cabin noise prediction abilities to the design database for supersonic passenger aircraft by
measuring turbulent boundary layer fluctuating pressure levels on the fuselage and acoustic loads due
to engine exhaust flow. Also determine fuselage structural response, and interior noise levels.

¢ In the short run, use the data for validating boundary layer [17] and jet noise source models and
models of the interaction of boundary layer flow and fuselage skin structure [18].

1-1



o In the longer run, the data may serve to improve models of noise transmission into interior fuselage
spaces under supersonic boundary layer exterior excitation.

An experiment plan containing measurement locations and techniques, instrumentation specifications, and
flight test conditions, was developed by the experiment 2.1 U.S. team to accomplish these objectives. The
experiment 2.1 U.S. team consisted of representatives from NASA Langley Research Center (LaRC),
Boeing and McDonnell Douglas. The plan was presented by the U.S. team coordinators to V. Sablev of
Tupolev at the NASA Dryden Flight Research Center (DFRC) in February 1995. The functional
instrumentation system was reviewed and demonstrated for Messrs. Sablev and Andrianov at the NASA
LaRC in November 1995.

As done on previous occasions [19, 20], turbulent boundary layer fluctuating pressure levels were
measured using dynamic pressure transducers flush mounted into metal blanks that replaced windows on
the right (starboard) side of the aircraft. For validation of flow/structure interaction models the correlation
lengths in the downstream and cross-stream directions are required. An attempt was made to cover as
large a range of correlation lengths as feasible by placing transducers within centimeters of each other, as
well as two fuselage frame bays apart (that is also the distance between adjacent windows). Furthermore,
Tupolev agreed to pierce the fuselage skin in two places between windows in order to place transducers
half way between windows in an effort to further increase the resolution of the correlation length scales
for the lower frequencies in the turbulence. At adjacent locations on the skin, the structural response due
to the turbulent boundary layer pressure fluctuations was measured with accelerometers.

The interior acoustic field was measured with standard microphones. Interior microphones were placed
generally on the left (port) side of the cabin at a seated passenger’s head height. The microphone
locations were nominally at the same body stations as the window blank locations, with the exception of
the two furthest aft microphones in the rear cabin. These were relocated to the instrumentation
compartment in the tail section because of high noise levels in the aft rear cabin produced by special on-
board equipment. The passenger cabin microphones were oriented pointing up for locations away from a
wall, and pointing at the wall when close to a wall. A microphone was also mounted in the flight deck on
the pilot’s seat at head height

Two on-ground measurements were performed as well:
e Engine runups with a stationary aircraft in order to assess the jet noise component by itself.

o Reverberation times at interior microphone locations in order to assess the interior space acoustic
absorption characteristics

Simultaneously with this acquisition of data, Tupolev obtained measurements of sonic fatigue loads on
engine inlet, rear fuselage, and flight control surface structural components using a separate recording
system. This effort is documented in reference [21].

Data was acquired on six research flights of the Tu-144LL during the period September 1997 to February
1998. All flights were conducted out of Zhukovsky Air Base near Moscow, Russia. Instrumentation
installation was performed jointly by U.S. team members and Tupolev personnel. Further, data
acquisition required the presence of U.S. team members before and after most test flights. Besides the
authors, the following individuals of the NASA LaRC also supported the installation and flight tests:
Keith Harris, Donna Gallaher, and Vernie Knight.
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Figure 1: Photograph of the Tu-144LL Supersonic Flying Laboratory.

1-1



2. Instrumentation

2.1. On-Board Instrumentation

2.1.1. Window Blanks

The seven window blanks were designed and produced by Tupolev based on the measurement locations
in each specified by the U.S. team. They are slightly curved to conform with the fuselage outer diameter.
Eiﬁure 2|shows the location and identification of window blanks, mounted on the right (starboard) side of
the aircraft. Window blanks 3, 4 and 5 were chosen next to each other in order to provide the above
mentioned correlation lengths. Figure 3[shows an excerpt from a Tupolev drawing for window blank
number 4 which contains the largest number (9) of mounting holes for pressure transducers among the
seven window blanks. The approximate distances of the window blank centers and of the two transducers
mounted directly into the fuselage skin (S1 and S2) are given in The distances are not highly
accurate because they were obtained from a 1/50 scale drawing which was a little distorted; they should
be sufficiently accurate for estimating boundary layer thickness (see Section .

Table 1: Approximate distances of window blanks from aircraft nose (including nose boom).

Distance from Nose (including nose boom)
meters (+0.5) feet(+1.5)
Nose (without nose boom) 0.9 3
Window Blank 1 18.9 62
Window Blank 2 25.9 85
Window Blank 3 31.2 102
Sl 32.1 105
Window Blank 4 32.6 107
S2 33 108
Window Blank 5 33.5 110
Window Blank 6 43.2 142
Window Blank 7 49.3 162

There was a gap between the window blanks and the fuselage skin which was irregularly filled with a
gasket sealant and with paint (the window blanks were painted together with the whole fuselage before
transducer installation). Because of concerns over the effects of the gap on boundary layer turbulence
development, attempts were made to fill this gap with a material that adhered to the metal and the gasket,
and survived the temperatures at supersonic speeds. Data on typical gap dimensions before and after the

filling attempt follow in fTable 2]and [Table 3] respectively.




Table 2: Window blank gap survey (before filling).

Gap
B A | 2mm | E
A — E \ !
B C D Fuselage
-1T— Skin
Window Fuselage Sealant >
Blank Skin
— 0
e
Cross-sectional Position (all measurements
Window are relative to A)
Blank Station B C D E

7 o 730 800 100 -50
(rear- B -20 -60 -40 -200
most y 50 250 200 100
window 5 50 200 110 10
blank) g 100 260 300 70
6 o 40 260 130 -150
B -100 -150 -200 -360
Y -30 -170 -110 -280
o 0 15 -100 -300
€ -40 -180 -110 -225

(Measurements given in thousandths of a millimeter, valleys positive, hills negative)

These measurements are meant to convey a feel for the unevenness of the fill between the window blanks
and the surrounding fuselage skin. These two window blanks are typical of all window blank installations.
Only the upstream portion of the gap was surveyed. Measurements were made difficult by the softness of
the gasket material in the gap which distorted when applying the depth gauge, and also due to cold
weather (the airplane was stored in an open hangar previously used for an airship). The filling took place
between flights 9 and 10.



Table 3: Window blank gap survey (after fiIIing).IJ:I

Cross-sectional Position (all measurements
Window are relative to A)
Blank Station B C D E

1 o 20 40 400 100
B -40 -600
Y 6 300 700 40
3 -5
€ 110

2 o 80 300 300 320
B 0 30 200 100
y 20 20 50 120
5 40 100 0 -30
€ 30 200 150 100

3 a
B
Y 200 250 200 30
3
€

4 o 27 -50 20 11
B -100 -400 -120 -300
y 20 90 170 40
S -30 90 -60 -170
€ 400 100 100 70

5 o 250 190 120 110
B 20 100 250 0
y 30 100 200 150
) -30 30 100 -200
€ 80 200 300 -55

! Missing data could not be measured either because of obstacles on the window blank (e.g., transducer
cover), or because the weather was too cold to hold instrument properly.
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Cross-sectional Position (all measurements
Window are relative to A)

Blank Station B C D E
6 o -20 100 20 -180
B -20 -20 -100 -300
y -20 -150 -300 -500
) -20 -120 -250 -330
€ -85 -80 -30 -250
7 o -20 50 17 -160
(rear- B 40 90 -150 -250
most y 200 200 150 80
window S 130 300 160 12
blank) € 80 100 30 50

(Measurements given in thousandths of a millimeter; valleys positive, hills negative; see |i able 2).

The filling compound was hard to handle. Tupolev personnel reported that many applications or layers
were required. It adhered well to the metal and paint, but it stayed soft even after curing so that it was not
possible to sand it. Overall, the gap was not as pronounced as before the filling, but it still provided a
significant source of roughness. The last column in the above table shows the size of the step from the
fuselage skin to the window blank.

Several of the window blanks also carried instrumentation associated with experiment 3.3 “Cp, Cf and
Boundary Layer Measurements, ” [7]. These were window blanks 1, 2, 5 and 6. Window blank 1 had a
static pressure port (nominally the size of a Kulite) located in the upper-aft corner of the window blank,
i.e. aft of Kulite N1.2 and above N1.3. Window blanks 2, 5 and 6 each had a flush-mounted skin friction
gage approximately 2-in. in diameter located in the lower-aft corner of each window blank. Flushness
measurements of the skin friction gages were not made due to the sensitive nature of their sensing surface.
A static pressure port was also located in the upper-aft corner of each of those window blanks.
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Figure 2: Location and identification of window blanks (WB) instrumented with Kulite pressure transducers (N1.1 — N7.5, S1, S2).
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Figure 3: Excerpt from a Tupolev drawing for window blank number 4.
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2.1.2. Transducers.

2.1.2.1 Dynamic Pressure Transducers

There were 25 dynamic pressure transducers; 23 were distributed over seven window blanks, and two
were mounted directly into the side wall between window blanks 3, 4, and 5 (see Figure 2] Figure 4| and
Figure 5). The transducers were manufactured by Kulite Semiconductor Products, Inc; all 25 were the
same model: XCS-190-15D, with the following options:

0.750 inch long thread length, with metric thread M5x0.5-6¢
1 inch long reference tube
“B” screen (transducer face consists of a circular plate perforated with a circle of holes)
10 feet long 32 gage Shielded cable
Internal temperature compensation
Temperature compensation range -20 to +350 °F
Coated diaphragm
Case isolated from shield
o Differential operational mode
A copy of the specification sheet is found in Figure 47|of Appendix B}

a )

'
60 mm - 2.35inch
o ; o o
. AHOW
90 mm - 3.54 inch DIRECTION
D

.

40mm-157in —1 T
— *T— 60mm-2.35inch

Window Blank 2, 3, 5 and 6 Window Blank 1 and 7

—1—6—0 o}

90 mm - 3.54 inch

90 mm - 3.54 inch EH%E%‘I‘ION

60 mm - 2.35 inch
60 mm-2.35inch —¢

Window Blank 4

Figure 4: Arrangement of dynamic pressure transducers in window blanks.
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Figure 5: Transducer arrangement and actual dimensions (mm) for window blanks 3, 4, and 5.

Figure 6]shows a photograph of a bare transducer together with one in its insulating/mounting boss. The
thin reference tube in the back of the transducer vented to the aircraft interior. On a majority of the
transducers, these were ordered bent to avoid interference of the tube with fuselage side wall insulation
materials upon installation.

Figure 6: Photograph of Kulite transducer and its insulating/mounting boss.

Previous experience with airplane window blank mounted pressure transducers indicated that the
transducer should be mounted electrically isolated in order to reduce electrical noise. A plastic boss was
designed as shown in The boss was fabricated from a polymer having the trade name “Techtron
PPS,” sold by The Polymer Corporation. This material was chosen for its excellent machinability,
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electrical insulation, and high operating temperature (425 °F) characteristics. All 25 Kulite transducers
were mounted using this arrangement. The thread with the finest pitch made available by the Kulite
provider was chosen in order to make the adjustment of the transducer face’s evenness (‘flushness’) with
the outer surface as finely controllable as possible. The 12 mm thread between the boss and the window
blank was secured with a small amount of Glyptol (a special purpose red paint). A small amount of
Glyptol was also used between the outer hexagon of the lock nut and the insulating boss (see also @l

B).

Interior and exterior views of the Kulite installation in window blank 7 are shown in Figure 8land Figure|
@, respectively. Figure 10]shows an exterior view of window blank 4, with close-up views of Kulite
transducers N4.2 and N4.6 in Figure 11]and of Kulite N4.3 in The latter two figures also give
a feel for the typical quality of the sealant between the window blank and fuselage skin. Finally,
13'shows the installation of Kulite S2. For Kulite transducers S1 and S2, a small disk (into which the
Kulite was mounted) was screwed into a reinforcing plate riveted to the fuselage interior. Thus, the
quality of the installation was not as good as the installation of transducers in window blanks.

From previous experience, it was known that a ‘flush’ transducer installation with the outer surface was
critical. Because this transducer’s sensitive element is located behind a protective screen, it was not know
at first to what degree of “flushness’ this transducer should be installed. The Boeing Company contracted
with TsAGI (Central Aerohydrodynamic Institute in Moscow, Russia) to investigate this matter [22]. The
principal investigator was Professor Boris Efimtsov who used a small supersonic wind tunnel with the
transducer mounted in the tunnel wall using the above mentioned insulating boss (see also Section .
Prof. Efimtsov investigated transducer apparent sensitivity and static pressure offsets as a function of
frequency and tunnel flow Mach number, varying the amount that the transducer face protruded past the
surrounding surface, or was recessed into it. Protrusion or recess was measured very carefully using
optical methods. The resulting recommendations were:

e Install the transducer as flush as possible; try to ensure flushness within a few thousandths of a
millimeter.

o If exact flushness cannot be obtained, recess as much of the transducer face as necessary so that no
part of it protrudes.

Several actions were taken to try to follow these recommendations:

e The transducer faces were found to be quite uneven in the light of the above stringent requirements.
They were carefully sanded to be as flat as possible without compromising the strength of the
connection between the protecting grid and the transducer body. It was not possible to make them as
flat as required to achieve the flushness recommended above.

e A mechanical depth gage accurate to better than a thousandths of a millimeter was used during
installation of the transducers. The feeling end (tip) of the depth gage consisted of a sphere, roughly
3 mm in diameter. After optimizing each transducer’s depth setting, a map of depths was produced;
results appear below. The desired extremely tight tolerance on flushness could not be obtained.

Flushness measurements were made at a number of points as indicated in Points A, G, F, and
M are located on the window blank (or fuselage skin for transducers S1 and S2). Points Ref, H, E, and L
are located on the insulating boss. Points B, J, D, K, and C were located on the Kulite transducer face or
protecting grid. Measurement results are presented in Most points were within twenty-
thousandths of a millimeter. A notable exception is transducer S2 whose installation was considerably
rougher than the others, as shown in
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Figure 7: Drawing of Kulite transducer insulating/mounting boss.
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Figure 8: Photograph of interior side of window blank 7 with Kulite Figure 9: Photograph of exterior of window blank 7 with Kulite
transducers installed. transducers installed.
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Figure 11: Exterior close-up photograph of Kulite transducers N4.2
and N4.6.

Figure 10: Photograph of exterior of window blank 4 with Kulite
transducers installed.
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Figure 12: Exterior close-up photograph of Kulite transducer N4.3. Figure 13: Exterior close-up photograph of Kulite transducer S2.
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Figure 14: Pattern for Kulite flushness measurements.

Table 4: Map of Kulite transducer qushness.EI

Id A C D E F G J K L M
N1.1 | 5 4 5 3 19 | 13 | 16 7 4 4 4 15 | 13
N12 | O 5 10 9 3 -2 6 -8 | 4 9 -4 2 23
N13 | 5 -1 7 6 4 8 14 9 6 5 4 2 | -1
N14 | 9 4 20 | 19 | 15 1 29 | 23 5 4 20 6 11
N15 ] 12 | 12 | 12 | 10 | 13 4 14 5 4 1 18 | 11 | 15
N21 ] 10 | 14 | 11 | 12 9 9 15 | 18 8 2 23 9 10

N3.1 | — - - - - — — -
S1 -5 2 22 | 27 | 24 | -7 | -11 | -2 7 12 | 23| 5 | 7
N4l | 7 -1 | 5 0 2 | -3 | -1 ] 12 9 3 9 | -28| 7
N42 | 9 10 | 21 | 21 | 22 | -19 | 14 | 14 0 15 | 13 | 9 | 12
N43 |10 | -3 ]| -3 |3 [-1]-2]19]13]|-1 1 -2 | -6 6
N4.4 | 2 8 14 | 14 5 -8 | -7 4 [-11 ] 7 1 -8 | 15

2 Measurements in thousandths of a millimeter. Point C was measured twice to provide an indication of
measurement repeatability. Measurements for Kulite N3.1 are not available.
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N45 | 4 7 7 9 7 -7 0 16 5 12 2 12 | 20
N46 | 12 | 18 | 16 | 15 | 10 | -1 9 8 1 11 | 13 | -10 | 14
N4.7 | 10 5 12 | 17 | 27 | 13 | 20 | 34 | 18 | 24 | 10 2 6
N48 | 7 2 14 | 16 | 10 6 10 1 4 0 14 3 13
N4.9 | 22 8 16 | 14 | 13 | 10 [ 18 | 38 | 14 | 12 | 11 6 43
S2 16 | 54 | 41 | 39 0 [-34]|-24]-23|-34| 5 20 | -20 | -13
N5.1 ] 10 | 10 | 17 | 23 | 25 5 14 | 18 9 34 2 -7 5
N6.1 | 13 | 19 | 10 | 16 5 |17 |-10| 9 |31 |17 | 13| -8 | -5
N7.1 | 17 | 18 | 26 | 23 | 22 2 10 | 16 3 18 | 20 2 9
N7.2 | 10 | 14 | 10 | 16 3 -4 | 23 9 -2 | -1 | 23 2 6
N73 | 11 | 20 | 21 | 19 | 28 2 4 5 -3 | 35| 14 3 24
N74 | 2 2 1 0 3 1 8 4 9 11 0 -4 | 10
N75] 13 | 13 | 14 | 16 | 16 1 14 | 16 2 11 | 13 3 16

2.1.2.2 Accelerometers

The choice of acceleration transducer was guided by several requirements: good for high temperatures
generated during supersonic flight, very light weight in order to minimize modifying the dynamic
behavior of the thin fuselage skin panels, and good frequency response up to 10 kHz. The chosen
accelerometer was PCB Piezotronics model M359B15. A specification sheet for this transducer is
provided in Figure 48] Appendix B}

Six such accelerometers were installed in the vicinity of window blanks 1, 2, 4, 5, 6, and 7, always just
downstream and a little above that window blank. shows the approximate accelerometer

locations referenced to the closest window blank. Figure 15|shows the locations graphically.

Table 5: Accelerometer locations.

Accelerometer Closest Window Blank
10.11 1

10.12 2

10.13 5

10.14 6

7

4

10.15
10.16
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The accelerometers were mounted by screwing them into mounting bases, which were glued to the inside
of the outer fuselage skin.

As a sample, the installation of accelerometer 10.12 next to window blank 2 is described here. This
installation was typical of all six accelerometers. Referring to (excerpt from a drawing
provided by Tupolev): Window blank 2 replaced the window between frames 38 and 39. Note that
16 shows the port side whereas the window blanks and accelerometers were actually installed on the
starboard side. Accelerometer 10.12 was installed just downstream of window blank 2 between frames
39 and 40, and on a panel between stringers 13 and 14, indicated by the symbol . shows
more details of that panel: skin minimum thickness is 1.4 mm (55 mil); frame thickness is 2.5 mm;
thickness of stringer 13 is 3 mm, of stringer 14 it is 2 mm. Note that the skin, stringers, and frames are all
milled from a solid block of aluminum. also indicates the original accelerometer position
(indicated by M359B15) in the center of the panel. Before the first data acquisition flight, the location
was changed to a position 3/8 of the panel height from the bottom, and 3/8 of the panel length from the
side (indicated by ). This was done in order to capture as many structural modes as possible and still
providing adequate signal amplitude.
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Figure 15: Location and identification of interior microphones and accelerometers.
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2.1.2.3 Microphones

Standard Bruel & Kjaer condenser microphones and preamplifiers were used to obtain the cabin noise
measurements. One-half inch diameter microphone cartridges (types 4165 and 4166) were chosen
because of their high sensitivity (50 mV/Pa) and frequency range (2.6 Hz — 10 kHz). A high sensitivity
microphone was required because the B&K 2811 eight channel multiplexer used provides only power, not
amplification. Because of the nature of the sound field in the cabin and frequency range of interest, it was
felt that the free field (type 4165) and pressure/random (type 4166) microphone cartridges could be used
interchangeably. The microphone locations and cartridges used are provided in and are shown
graphically in A photograph of a typical microphone/preamplifier pair is shown in
Also shown in the photograph is an adapter (B&K type JJ 2614) which was used in the laboratory to
simulate an input to the system without the use of a microphone cartridge.

Table 6: Microphone Iocations.EI

Mic | Cartridge | Location

No. Type
1 4165 In the cockpit, clamped to the left pilot seat, close to pilot’s right ear
2 4165 On the left side, opposite window blank 1, where aisle seat would be
3 4165 On the left side, opposite window blank 2, where aisle seat would be
4 4165 On the left side, opposite window blank 4, where aisle seat would be
5 4165 On the left side, opposite window blank 4, between aisle and window seat
6 4166 On the left side, opposite window blank 4, where window seat would be
7 4165 In rear instrumentation compartment, approximately left/right centered, down

8 inches from a rail in the ceiling, 51.5 inches from the compartment’s rear
bulkhead, roughly 2 feet behind the engine nozzle exit plane.

8 4166 In rear instrumentation compartment, approximately left/right centered, down
7.75 inches from a rail in the ceiling, 101.75 inches from the compartment’s
rear bulkhead, roughly 2 feet in front of the engine nozzle exit plane

Figure 18: Photograph of Bruel & Kjaer “-inch microphone and preamplifier.

® Microphones 2 through 6 were mounted at a height of where a sitting passenger’s head would be.
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B&K preamplifier types 2639 or 2645 were used interchangeably. Both have similar response
characteristics when used in combination with the type 4165 and 4166 microphone cartridges. The
feature of the type 2645 allowing insert-voltage type calibration was not utilized. Ten-meter B&K
extension cables (type AO 0028) were used, often in several lengths, to span the distance between the
B&K 2811 multiplexer mounted in the instrumentation pallet (see Section and the microphone
location. A plastic insulating tubing, trade name “Tygon,” was used to electrically insulate the
connections, between lengths of extension cables and preamplifiers, from the aircraft.

The originally planned location for Microphones 7 and 8 was in the rear passenger cabin opposite window
blanks 6 and 7. Tupolev had built and installed appropriate supports. However, when U.S. team
members first heard the intense noise from engine controls and power conversion equipment in that area it
became obvious that no useful measurements could be made in that area since boundary layer noise
would be masked or severely contaminated by this equipment noise. The decision was made to relocate
these microphones to the rear instrumentation compartment which was separated acoustically from the
passenger cabin by a double bulkhead separated by approximately 1-foot. A light-weight door in the
forward bulkhead allowed entry into the instrumentation compartment. The installation is shown in
where the view is towards the rear with microphone 7 behind microphone 8 (microphone 8 is
the one in the foreground).

Figure 19: Photograph of microphones 7 and 8 installed in rear instrumentation compartment.

The rear instrumentation compartment has an irregular shape. Approximate dimensions are given in
Most of the walls were covered with metal panels perforated with many holes. These panels
are held in place with sometimes loosely fitting quick-disconnect devices which allows the panels to
rattle. There are no windows. The floor and the rear bulkhead consist of bare metal. The door seemed to
be made from fiberglass and was also bare.
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2-22



2.1.3. Signal Conditioning

2.1.3.1 Kulite Signal Conditioning

Signal conditioning for Kulite pressure transducers was provided by special instrumentation designed and
fabricated at NASA LaRC. Three multiple-channel units were built and mounted by Tupolev on the trim
panels in the vicinity of the window blanks. An 8-channel unit was mounted near window blank 1 to
provide signal conditioning to Kulite transducers N1.1-1.5 and N2.1. Two channels were available for
backup purposes. An 18-channel unit was mounted near window blank 4 to provide signal conditioning
to Kulite transducers N3.1, S1, N4.1-4.9, S2 and N5.1. Five channels were available to serve as backup.
A second 8-channel unit was mounted near window blank 7 to provide signal conditioning to Kulite
transducers N6.1 and N7.1-7.5, leaving two channels as backup.

An 8-channel unit is pictured in Power (+15V DC) was supplied from the pallet via the
rightmost connector shown in the photo. Amplified signals were returned to the instrumentation pallet
via a separate connection (to the left of the power connector) to reduce electrical noise. Four-pin
Microtech brand connectors were used to connect the transducers so that they could be easily switched to
different signal conditioning channels in the event of a signal conditioning card failure.

i L = s i T
P e L ™ ¥ N [ L

Figure 21: Photograph of an 8-channel Kulite signal conditioning unit.

Internal to each unit were several two-channel signal conditioning cards. Each card was configured to
provide an excitation voltage of 11 VDC. Based upon expected levels, a linear gain of 500 was
programmed into the two-stage amplifier in order to make the most out of the dynamic range of the
Metrum recorder (see Section . The first stage is capacitively coupled to the second stage to
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block the DC component of the input, i.e. the second stage only amplifies the AC signal. The second
stage passes frequencies from 1 Hz to 50 kHz. Because the maximum output voltage from the first stage
is 20 volts pk-pk, special precautions were taken not to over-range this stage with the amplified DC
signal. The DC component could be significant since the Kulite pressure transducers operated in a
differential mode. Hence, the difference in pressure across the fuselage wall formed a sizeable DC
component at altitude. A first stage gain of 100 and second stage gain of 5 was chosen to make up the
total gain of 500.

2.1.3.2 Accelerometer Signal Conditioning

Accelerometer signal conditioning was provided by Endevco amplifiers model 2685M10B. These units
were selected because they were small and rugged making them suitable for the application. The
amplifiers were mounted by Tupolev on the trim panels in the vicinity of the accelerometers.

A typical unit is pictured in Power (28V DC) was supplied from the pallet via the large Viking
brand connector, which also returned the amplified signals back to the pallet. A 2-pole Butterworth low-
pass filter was set at 20 kHz. Based on expected vibration levels, each amplifier was set to a linear gain
of 10 by Wyle Laboratories in Hampton, Virginia. The precise gain is indicated in the calibration files,
see Section

Figure 22: Photograph of the amplifier for accelerometer 10.12.

2.1.3.3 Microphone Signal Conditioning

Power for microphone preamplifiers and polarization voltage for the condenser microphones was
provided by an eight-channel Bruel & Kjaer type 2811 multiplexer. The multiplexer and a spare unit
were mounted in the instrumentation pallet (see see also Section P.1.4). The scanning function
of the multiplexer was not utilized, i.e. all eight microphone outputs were available simultaneously. A
200V polarization voltage was provided to each microphone. Because the multiplexer did not provide
any amplification of its own, high sensitivity microphone cartridges were used (see Section
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Figure 23: Photograph of 8-channel microphone multiplexers in instrumentation pallet.

2.1.4. Instrumentation Pallet

The instrumentation pallet was designed and fabricated from the ground up based on the particular
requirements of the experiment, i.e. the pallet was not something that was available from another flight
test experiment. In this section, the functional design, electronic and mechanical design and fabrication,
transportation and storage, and instrumentation changes made during the flight test program will be
discussed.

2.1.4.1 Functional Design

Prior to the detailed mechanical and electrical design, a functional design was developed which specified
recording, channel switching, anti-aliasing filter and signal monitoring requirements.

2.1.4.1.1. Recording Requirements

A high channel count recorder with a high aggregate sampling rate was required to capture signals up to
the desired 11.2 kHz. This frequency corresponds to the upper frequency of the third-octave band with
center frequency of 10 kHz. The recorder selected for the application was a Metrum RSR 512 digital tape
recorder. A photograph of the Metrum RSR 512 recorder in the instrumentation pallet is shown in the
upper left corner of Its features include up to 32 analog input channels, 12-bit quantization (70
dB dynamic range), aggregate sampling rate of up to 1280k samples/second, selectable input voltage
ranges of +0.1V to £10V peak in 1-2-5 steps, auto-range capability and an optional high speed digital
output (HSDO) port for digital transfer of data to a separate computer. The specific unit used on the
aircraft had 32 analog input channels. A second unit having the HSDO option, but not installed on the
aircraft served as backup and was used for post-flight data analysis (see Section p.1}.

The sampling rate used for all transducers was 40 kHz (10 kHz bandwidth times a sampling density of 4
samples/cycle). This sampling rate produced a Nyquist frequency of 20 kHz, the closest available above
the 11.2 kHz desired. The sampling rate for the IRIG-B time code and voice annotation channels was 20
kHz (5 kHz bandwidth times a sampling density of 4 samples/cycle). For acquisition of reverberation
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time data, the sampling rate was increased to 160 kHz (40 kHz bandwidth times a sampling density of 4
samples/cycle) to better capture the transient waveform.

=il

Figure 24: Photograph of instrumentation pallet installed in TU-144LL passenger cabin.

The dynamic range of recording was maximized through a somewhat elaborate procedure of auto-ranging
all inputs with the exception of voice annotation and IRIG-B time code. Prior to each acquisition, the
brief auto-range mode was enabled. In the brief mode, the peak voltage on each channel is initially set to
the 0.1V (most sensitive) value. By starting each channel at its most sensitive value, a low sensitivity
from a previous test condition would not persist and penalize the dynamic range. During the course of the
brief mode, an over-ranging channel would have its peak voltage increased by the auto-range logic until
the channel no longer over-ranged or until the least sensitive 10V value had been reached. In the brief
mode, the entire auto-range process usually took about a second. Because the signals could be non-
stationary, a longer period over which the process was performed was thought to be desirable. Therefore,
following the brief mode auto-range, a continuous mode auto-range was enabled. In the continuous
mode, each channel was set so that its peak voltage could be increased (but not decreased) if positive or
negative peaks of the input signal exceeded a threshold value. By not allowing the peak voltage to
decrease, the condition of it being reduced due to a low level signal at the end of the auto-range cycle was
avoided. In other words, during the continuous mode, the peak voltage could only be further increased
from level set during the brief mode. The continuous mode was enabled for a user selectable period
typically on the order of ten seconds. All auto-ranging functions were completed prior to the acquisition
to avoid the possibility of changing gains during the acquisition cycle. While the Metrum recorder is
capable of this, the added complication in terms of data reduction was thought to outweigh any added
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benefit. The details of the auto-range process are included in the flight operational procedures in
m- Note that for take-off conditions, the auto-range process was not invoked and the gains were

y prior to flight based on expected levels. As such, it took several attempts to capture the
take-off condition properly.

2.1.4.1.2. Channel Switching Requirements

The total channel count was 41. It consisted of 25 Kulite fluctuating pressure transducers, 6
accelerometers, 8 microphones, IRIG-B time code, and a voice channel for the operator to annotate the
data records with any anomalies or other significant occurrences. The IRIG-B time code was used to
synchronize the experiment 2.1 data with the Damien PCM system used to record other flight data [1].
Because a 32-channel Metrum recorder was selected, some channels had to be switched in one of two
banks (A and B). The channels were grouped together according to This configuration was
chosen for two reasons. The “Bank A” lineup was selected so that all of the Kulite pressure transducers
could be acquired simultaneously. The “Bank B” lineup was selected so that at least the Kulite
transducers in the middle of the window blanks would be recorded when the microphones were switched
in. Selection of “Bank A” or “Bank B” was performed using a toggle switch mounted on the front panel
of the right-hand rack (see Figure 25]. A 12-channel switching unit, designed and fabricated at NASA
LaRC, was used to simultaneously switch the nine channels associated with each bank. A change was
made to the channel lineup following flight 9 after it was determined that the voice annotation was not
adding value (see Section P.1.4.6). The change allowed accelerometer 10.11 to be recorded with the other
accelerometers, and Kulite N4.9 to be recorded with the other Kulite transducers in window blank 4, on
either bank A or bank B.

Table 7: Channel table.lz|

Configuration for engine runup and |Configuration for flights 10, 11, 15, 16,
flight 9 17 and reverberation time
Transducer Transducer
Channel Bank A Bank B Bank A Bank B

1 Kulite N1.1 Kulite N1.1 Kulite N1.1 Kulite N1.1
2 Kulite N2.1 Kulite N2.1 Kulite N2.1 Kulite N2.1
3 Kulite N3.1 Kulite N3.1 Kulite N3.1 Kulite N3.1
4 Kulite S1 Kulite S1 Kulite S1 Kulite S1

5 Kulite N4.1 Kulite N4.1 Kulite N4.1 Kulite N4.1
6 Kulite N4.2 Kulite N4.2 Kulite N4.2 Kulite N4.2
7 Kulite N4.3 Kulite N4.3 Kulite N4.3 Kulite N4.3
8 Kulite N4.4 Kulite N4.4 Kulite N4.4 Kulite N4.4
9 Kulite N4.5 Kulite N4.5 Kulite N4.5 Kulite N4.5
10 Kulite N4.6 Kulite N4.6 Kulite N4.6 Kulite N4.6
11 Kulite N4.7 Kulite N4.7 Kulite N4.7 Kulite N4.7

* Shaded blocks are switched.
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Configuration for engine runup and

Configuration for flights 10, 11, 15, 16,

flight 9 17 and reverberation time
Transducer Transducer

Channel Bank A Bank B Bank A Bank B
12 Kulite N4.8 Kulite N4.8 Kulite N4.8 Kulite N4.8
13 Kulite S2 Kulite S2 Kulite S2 Kulite S2
14 Kulite N5.1 Kulite N5.1 Kulite N5.1 Kulite N5.1
15 Kulite N6.1 Kulite N6.1 Kulite N6.1 Kulite N6.1
16 Kulite N7.1 Kulite N7.1 Kulite N7.1 Kulite N7.1
17 Accel 10.12 Accel 10.12 Accel 10.12 Accel 10.12
18 Accel 10.13 Accel 10.13 Accel 10.13 Accel 10.13
19 Accel 10.14 Accel 10.14 Accel 10.14 Accel 10.14
20 Accel 10.15 Accel 10.15 Accel 10.15 Accel 10.15
21 Accel 10.16 Accel 10.16 Accel 10.16 Accel 10.16
22 Kulite N1.2 Accel 10.11 Kulite N1.2 Kulite N4.9
23 Kulite N1.3 Mic 1 Kulite N1.3 Mic 1
24 Kulite N1.4 Mic 2 Kulite N1.4 Mic 2
25 Kulite N1.5 Mic 3 Kulite N1.5 Mic 3
26 Kulite N4.9 Mic 4 Kulite N4.9 Mic 4
27 Kulite N7.2 Mic 5 Kulite N7.2 Mic 5
28 Kulite N7.3 Mic 6 Kulite N7.3 Mic 6
29 Kulite N7.4 Mic 7 Kulite N7.4 Mic 7
30 Kulite N7.5 Mic 8 Kulite N7.5 Mic 8
31 IRIG-B IRIG-B IRIG-B IRIG-B
32 Voice Voice Accel 10.11 Accel 10.11
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Figure 25: Close-up view of inst. control panel, spectrum analyzer and time code display.

2.1.4.1.3. Filter Requirements

Because the tape recorder used did not have internal anti-aliasing filters, this function was performed
using a filter external to the recorder. A Frequency Devices, Inc. 5016 mainframe with plug-in filter
cards (model D68L8E-11.2Khz) was selected. Each filter card had four 8-pole, 6-zero elliptic low-pass
filters with a —3 dB fixed corner frequency of 11.2 kHz. The corner frequency is clearly seen in the
sample data plots of Section

2.1.4.1.4. Signal Monitoring

It was important to have a signal monitoring capability on board the aircraft. This was accomplished
using a Spectral Dynamics, Inc. SD-380 spectrum analyzer, shown in Two monitor output
channels from the Metrum recorder were patched to the SD-380 allowing any of the 41 signals available
to the Metrum to be monitored. The original intent of having the unit on board was for the U.S. team to
operate it on the ground for diagnostic purposes and for the Tupolev operator to use it in flight to monitor
signal quality. Because of the complexity of operation, the latter function was not performed. This was
not to the detriment of flight data quality however, as signal input ranges were still monitored on the
Metrum bar graph display in order to minimize or eliminate input over-ranges. The SD-380 was
particularly useful in verifying the capture of transient reverberation time data (see Section :
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2.1.4.2 Electronic Design and Fabrication

The electronic design of the instrumentation pallet was performed by the Flight Instrumentation Branch
(FIB) at NASA LaRC.

2.1.4.2.1. Power Utilization

The instrumentation pallet utilized two sources of power on the aircraft; 27 VDC and 115V/400 Hz AC.
A wiring schematic for the power control system is provided in Figure 49|(|Appendix C), and for the
power distribution system in Figure 50| A\ppendix C| A photograph of the power control panel is shown
in [Figure 25

The characteristics of the power control and distribution system are:

o Easily identifiable switch labeled “Master Power On/Off” was provided to allow Tupolev
instrumentation operator to shut down all provided instrumentation

o All wire and current loads were protected by flight approved MIL-SPEC circuit breakers.

e Current ratings of wire were determined per NASA LaRC flight specifications (MIL-SPEC 5088L)
o All power supplies have independent short circuit protection

o An electrical load test was performed on the complete system prior to shipment

e Tupolev was responsible for providing 20A of 27 VDC and 20A of 115V/400 Hz AC.

A change to the design was made in the field after finding that Tupolev had utilized an old specification
of #12 AWG wire for the 27 VDC power supply line instead of #8 AWG wire. A 25A breaker was
substituted for the 20A breaker alleviating the need to re-run the supply line. The change worked without
incident.

2.1.4.2.2. Electronic Fabrication

Electronic fabrication was performed according to the following specifications:
e NASA in-house subsystems and wiring were built to NASA handbook 5300.4 standards

e All commercial equipment was disassembled, inspected, and modified as necessary to meet flight
requirements (flight hardening)

e All equipment and wiring underwent inspection and review by the NASA LaRC Aircraft Quality
Assurance Office during design and fabrication. The Quality Assurance Office performed a final
inspection of all equipment and wiring before shipment to Tupolev.

All electrical drawings were reviewed and approved (signed off) by an engineer or senior technician
knowledgeable of the technical discipline covered in the drawing. All drawings have an issued date.

2.1.4.2.3. Environmental Testing

Environmental testing was performed on all equipment in certify the operating and non-operating range of
the equipment. The requirements were:

e Static Loads: Mechanical design requirements of 1.5g sideward force and 9.0g forward force as
specified in FAR 25 (also CAR 4d).

e Vibration: The Tu-144 vibration levels within the passenger cabin were unknown, but expected to be
a very low level.
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e Temperature: Operating temperature range of +41 to +104 °F, non-operating (storage) temperature
range of =31 to +122 °F. Note that information provided by Tupolev indicated maximum cabin
temperature condition during takeoff of 86 °F.

e Pressure: Operating pressure range of sea level to 2.4 km altitude (approximately 11 PSIA), non-
operating pressure range of 2.4 km altitude to 18.29 km altitude. Tupolev was instructed that the
NASA LaRC equipment should be turned off if the aircraft experienced decompression above 2.4 km
altitude.

Because NASA LaRC provided instrumentation were previously vibration qualified for use on other
transport aircraft such as the B-737, MD-11, B-757, and B-767, no additional vibration or shock tests
were conducted.

Operational tests were performed on equipment not previously qualified. Subsystem equipment was
individually subjected to a combined temperature/altitude test over the operational temperature range.

Non-operational tests for temperature were conducted by subjecting individual subsystems to —31 °F for
12 hours and +122 °F for 4 hours. Non-operational tests for altitude were conducted by subjecting
subsystems to 18.29 km altitude for 30 minutes with a gradual decrease to sea level within 30 minutes.

Results of the operational and non-operational temperature and pressure qualification tests are indicated
in The B&K multiplexer and Metrum recorder established the minimum and maximum
operating temperatures.

Table 8: Environmental testing matrix.EI
Non-Operating Condition Operating Condition
Temp (°F) Altitude Temp (°F) Altitude

(km) (km)

Instrument -31 + 122 18.29 +41 +104 2.4
B&K 2811 Multiplexer v v v v v v
B&K 2639 Preamplifier v v v v v J
SD-380 Spectrum Analyzer v v v v v v
Frequency Devices Filter v v v v v J
Metrum RSR-512 Recorder v v v v v v
NASA Kulite Amplifiers v v v v v v
NASA Data Multiplexer v v v v v v
Kulite Pressure Transducers v v v v v v
PCB Accelerometers v v v v v v
Endevco Accelerometer Amplifier v v v v v v
Marathon DC/AC Power Supply v v v v v v
Time Code Reader v v v v v v

® Shaded entries indicate qualification test performed to required minimums. Otherwise, equipment was
previously qualified.
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Non-Operating Condition Operating Condition

Temp (°F) Altitude Temp (°F) Altitude
(km) (km)
Instrument -31 +122 | 18.29 +41 +104 24
Abbott Power Supplies v v v v v v

2.1.4.3 Mechanical Design and Fabrication

The mechanical design of the instrumentation pallet was performed by the Engineering Design Branch
(EDB) at NASA LaRC.

2.1.4.3.1. Mechanical Design

The pallet was designed for side loads of 1.5g, upward loads of 3.0g, forward loads of 9.0g and
downward loads of 6.0g. Special attention was paid to high stress areas including welds in the corners of
the pallet structural members, and seat rails and attachment fittings. A pallet design was adopted based
on ones previously used for other transport aircraft applications. The design incorporated the following
attributes:

o Two Emcor Il racks were joined (side-by-side) to form the pallet which housed all instrumentation
except for the remote signal conditioning units and transducers. The pallet was flight hardened
according to NASA LaRC engineering requirements.

e Standard aircraft structural fasteners were used to install all instrumentation. Any exceptions were
individually approved by the NASA LaRC Aircraft Quality Assurance Office.

e Actual instrumentation weights and heights were used to compute margins of safety for loads
certification.

e The pallet was completely enclosed except for cooling air inlets located at the bottom of each rack
and fans at the top of each rack. Air inputs and outlets were covered by a wire mesh.

Tupolev was responsible for mating the tie down fittings to the pallet base and to the Tu-144 seat rails
during installation.

2.1.4.3.2. Mechanical Fabrication

Fabrication of the pallet was performed at NASA LaRC according to the following:

¢ Mounting and installation of all instrumentation underwent inspection and review by the NASA
LaRC Quality Assurance Office and the EDB during fabrication.

e NASA LaRC furnished instrumentation was inspected according to LaRC aircraft quality assurance
guidelines normally used for transport aircraft, such as the B-737.

e The instrumentation pallet was delivered with quality assurance documentation.

A photograph of the instrumentation pallet is shown in The approximate total pallet weight
was 744 Ib. and center of gravity location was 21-in. above the floor. This resulted in pallet loads well
below those of typical B-737 pallets employed at NASA LaRC.
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2.1.4.4 Design Reviews

Design and fabrication of the instrumentation pallet was performed in accordance with the NASA LaRC
handbook (LHB 7910.1, September 1997) entitled, “Flight Research Program Management.” A
Combined Mechanical/Electronic Design Review was held at NASA LaRC on 30 August 1995. No
action items were raised as a result of this review and the project was cleared to proceed as planned.

The instrumentation plan was presented by the U.S. team experiment coordinators to V. Sablev of
Tupolev at the NASA DFRC in February 1995. The functional instrumentation system was then
reviewed and demonstrated for Messrs. Sablev and Andrianov at the NASA LaRC in November 1995.

2.1.45 Transportation and Storage

Detailed flight test procedures were developed for Tupolev operators and reverberation time procedures
for U.S. team operators (see Section E} following completion of the instrumentation fabrication. In March
1996, the instrumentation system was shipped to Russia by Boeing directly from the NASA LaRC. The
equipment arrived in Russia in June 1996 and was stored there until its installation in July 1997.

2.1.4.6 Instrumentation Changes

The following changes were made to the instrumentation during the course of the program:

e It was found after flight 9 that the voice annotation channel was not being utilized. To exploit the full
capacity of the recorder, it was decided to move accelerometer 10.11 from channel 22B to channel 32
and to duplicate Kulite N4.9 so that it would appear on both 26A and 22B. In this manner, all
transducers in window blank 4 and all accelerometers were recorded in both switch positions. The
change was implemented on 14 October 1997.

¢ Following flight 10, moisture penetrated Kulite N3.1 and froze, causing it to fail. It was replaced on
10 November 1997 with a spare transducer. In addition, Kulite N4.3 was relocated to a spare signal
conditioning channel because of intermittent anomalous behavior.

2.2. Installation and Checkout

Mechanical installation of the instrumentation pallet and remote signal conditioning equipment was
performed jointly by Tupolev and the U.S. team during the period 28 July 1997 — 08 August 1997.

During the period 10 — 12 September 1997 a complete checkout of the instrumentation was performed on
the aircraft. Checks of the power to the instrumentation pallet and power distribution internal to the pallet
were performed, followed by functional checks of the equipment within the pallet. Single frequency and
broadband signals were injected into the back of the pallet and read through the system in order establish
all internal signal cables were properly functioning. Power to the Kulite and accelerometer remote signal
conditioning units was checked out.

In order to check out the Kulite signal conditioning units, a single spare Kulite was connected into each
Kulite signal conditioning channel (one at a time) and the microphone calibrator (see Section was
used as an excitation source. All Kulite transducers were hooked up to their respective signal
conditioning units and measurements were made to determine the background noise level and any DC
offset.

Accelerometer signal conditioning units were checked out by connecting a single spare accelerometer into
each accelerometer signal conditioning unit (one at a time) and a 1-g shaker was used as an excitation
source. All accelerometers were hooked up to their respective signal conditioning units. Background
noise measurements on the accelerometer amplifiers were made and Tupolev was tasked with hooking up
a grounding wire in a manner which provided a quick recovery from RF interference.
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The microphone system was checked out by connecting a single microphone and preamplifier into each
of the eight interior microphone channels and using the microphone calibrator as an excitation source.
The 400 Hz electrical noise was found to be about 35 dB below the 94 dB calibrator signal.

2.3. Transducer Calibrations

2.3.1. Accelerometer Calibrations

Because it was not possible to perform an in-situ calibration of the accelerometers, the factory calibrations
were utilized. All calibration files, see Section therefore indicate the same accelerometer calibrations
for all flight and ground tests.

2.3.2. Microphone Calibrations

Microphone calibrations were performed on the aircraft on the day of the particular experiment. Only
pre-test calibrations were performed for the ground engine runup and reverberation experiments. At the
recommendation of Eduard Andrianov, both pre- and post-test calibrations were performed for the flight
tests. The reason for doing this was because the change in cabin pressure was previously found to change
the microphone calibration. In general, a very slight decrease in the sensitivity between the pre- and post-
test calibration was observed. The calibrations were found to be very consistent over the course of all
experiments on the Tu-144LL.

The calibrations were performed using a GenRad 1986 Omnical Sound Level Calibrator at 114 dB and 1
kHz. Microphones were allowed to warm-up for two hours prior to the pre-test calibration. This
requirement was sometimes difficult to meet during the day of flight as Tupolev personnel were eager to
complete this work in preparation for the flight. There does not appear to have been any negative result
of this.

2.3.3. Kulite Calibrations

The calibrations were performed using a Boeing-built device capable of generating calibrated 124 and
150 dB sources at 250 Hz, and a broadband noise. The device had an internal microphone whose output
was available via a BNC connector. The output from the internal microphone served as a check of the
calibrated levels and also as a reference for the phase calibration data. The microphone signal was fed to
the instrumentation pallet using a single cable which was made long enough to reach from the furthest
window blank (no. 1) to the instrumentation pallet. A single cable was used to avoid any phase change
from being introduced between window blanks located at different positions from the instrumentation
pallet. After installation of the transducers, it was found to be difficult to ensure proper alignment of the
calibrator with the Kulite transducer. A simple, but effective, alignment rig was fabricated at NASA
LaRC prior to the first test to assist in this endeavor.

The process of performing Kulite calibrations was a somewhat difficult one because of the locations of
the transducers on the outside of the aircraft. This required a long cable to get the reference signal back to
the Metrum recorder and the use of walkie-talkies to communicate between personnel inside and outside
the aircraft. The location of the aircraft at Zhukovsky made the process even more difficult because the
open hangar in which it was parked acted like a wind tunnel. As the weather became cold, this presented
a real obstacle. Because of these factors, Kulite calibrations were performed on a limited number of
occasions, and not for every flight as was the case with the microphone calibrations.

Kulite magnitude calibrations were performed using the 150 dB level to obtain the greatest signal to noise
ratio. Only a few of the initial calibrations were performed using the 124 dB level. The calibrations and
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their use are provided in @ The calibration data is provided in the calibration data files, see Section

b

Table 9: Kulite magnitude calibration look-up table.IEI

Calibration Kulite Transducers Calibrated Level Use
Date (dB)

16 Sep 97 N1.1-1.5, N2.1 150 Ground, Flight 9

16 Sep 97 N5.1, N6.1 124 Ground

23 Sep 97 N3.1, S1, N4.1-4.9, S2, N7.1-7.5 150 Ground, Flight 9

02 Oct 97 N5.1, N6.1 150 Flight 9

20 Oct 97 N3.1, S1, N4.1-4.9A/B, S2, N5.1, N6.1, N7.1-7.5 150 Flight 10

21 Oct 97 N1.1-1.5, N2.1 150 Flight 10

03 Nov 97 All except N3.1 and N4.3 150 Flights 11, 15,
16, 17, Reverb

10 Nov 97 N3.1, N4.3 150 Flights 11, 15,
16, 17, Reverb

Kulite magnitude calibrations in the Tu-144LL were very consistent and close to calibrations performed
in the laboratory. Therefore, while it would have been desirable to obtain additional calibrations between
flights 11 and 17, it does not appear to have been absolutely essential.

Kulite phase calibrations were performed using a broadband noise source. The objective of these
calibrations was to determine the phase difference between transducers so that a correction could be
applied, if necessary, for subsequent boundary layer cross spectral density calculations.

The data for the phase calibrations was reduced but not processed to obtain the phase corrections. A
process for performing phase calibrations utilizing the data acquired is outlined here. For each Kulite
transducer, the reference microphone and Kulite signals were recorded. Assuming a linear system, the
transfer function relationship for Kulite 1 is given as:

Y1 (a))
SN H, L, X(0)=
X, (o) ) Y, (o) H. (@)

where X, (@) is the Fourier transform of input source, X, (t) , as measured by the reference microphone,

Y, (w) is the Fourier transform of Kulite 1 signal, and H, (@) is the transfer function between the output
of Kulite 1 and the input source. A similar relationship exists for the nth Kulite. Assuming the noise
source doesn’t change, i.e. X, (@)= X, (@), the transfer function between Kulite transducers (and

hence the phase) may be obtained from the expression
Yi(@) _Hi(@) _
Yo(w) H, (o)

H,, (@)

® Kulite N4.9 patched to Metrum channel 26 on bank A and channel 22 on bank B on 14 Nov 97. The A/B
designation indicates calibration performed on both bank A and bank B.
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In this manner, adjustments to the phase between transducers may be made on a frequency-by-frequency
basis.

A list of the phase calibrations performed is provided in [Table 10| Data from the Kulite phase
calibrations in the form of time histories is not included in the CD-R set described in Section

Table 10: Kulite phase calibration information.

Calibration Date Kulite Transducers Calibrated
15 Sep 97 N3.1, S1, N4.1, N4.2, N4.4, S2, N7.1-7.5
16 Sep 97 N1.1-1.5, N2.1, N4.3, N4.5-4.9, N5.1, N6.1
23 Sep 97 N3.1, N4.8, S2, N7.1, N7.2, N7.5
02 Oct 97 N4.3, N5.1, N6.1, N7.2, N7.5
21 Oct 97 N4.9A/B
10 Nov 97 N3.1, N4.3
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3. Procedures

3.1. Flight Tests

Because the TU-144LL was an experimental aircraft, only the essential crew was allowed on board during
flight operations. The on-board equipment provided by the U.S. team needed to be operated by Russian
personnel not familiar with acoustic instruments. Detailed step-by-step instructions were developed by
the U.S. team in English and translated into Russian by personnel at IBP Aircraft. In order to ensure the
translation’s correctness critical parts of the Russian instructions were translated back into English
without reference to the English original. In this way, several problems were found and eliminated. The
final procedure document appears in App

Two members of the TU-144LL flight crew (Tupolev personnel) were given in-depth training, theoretical
as well as hands-on using the on-ground Metrum recorder, as well as on-board using the instrumentation
rack, concentrating on acquiring data in flight. Several Tupolev engineers were given training
concentrating on pre-flight and post-flight calibration and data preservation procedures. For flights 9, 10,
and 11, pre- and post-flight activities were carried out by the U.S. team members with assistance from
Tupolev personnel. For flights 15, 16, and 17, these were carried out solely by Tupolev personnel.

3.2. Data Quality Assurance

Following flight 9, an HP 9000/700 series computer and a spare Metrum RS-512 tape recorder were used
to assess data quality, following the process outlined in Section Data tapes recorded during test
flights with acoustic and vibration data were examined for data quality by narrow band spectral analysis.
Data quality was generally found to be very good with a few exceptions. Also, relevant data from the
PCM data stream (see reference [1]) were inspected mainly to ensure that the desired flight conditions
were reached and held constant during the data acquisition time interval. The following problems were
found and corrected in subsequent flights:

e Engine speed varied too much during some conditions of flight 9.

e Occasionally, the gain settings on the Metrum recorder were inappropriate so that the signal was too
high in level causing the measurement to be over-ranged. This happened several times on takeoff,
and once for an in-flight condition.

e When flight 10 landed it was snowing quite heavily. This probably caused moisture to enter one of
the Kulite transducers. Subsequent freezing rendered it nonfunctional. This was discovered during
post-flight calibration. The flight data itself looked fine. The transducer was replaced following the
flight.

e The flight 9 spectra of signals from Kulite transducers in the front part of the cabin exhibited very
strong tones at 400 Hz and many of its harmonics. The 400 Hz frequency is that of the on-board AC
power supply. The problem was minimized by spatially separating the signal cables from the power
supply cables.

3.3. Ground Measurements

3.3.1. Ground Runups

Ground runup data with the aircraft stationary was obtained for the following conditions:

o All engines idling, air conditioning on
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o All engines idling, air conditioning off

e Three engines idling, engine 3 at full power without afterburner

e Three engines idling, engine 3 at almost full power with afterburner
e Three engines idling, engine 4 at full power without afterburner

e Three engines idling, engine 4 at almost full power with afterburner

The detailed procedures used appear in Because the engines could not be run at full power
for more than about 20 seconds many repeat runups had to be performed in order to set gains and record
on both banks of transducers. These tests, including pre-test activities, were conducted jointly by the
authors and Tupolev.

3.3.2. Reverberation Time

For impulsive sound sources, we were prepared to use either toy balloons or a starter pistol. It turned out
that we needed the higher intensities provided by the starter pistol. Inspection of the signals’ time
histories right after they were recorded showed them to exhibit the expected exponential decay behavior.
Reverberation times were measured in the front and mid parts of the cabin, and in the rear instrumentation
compartment. None were measured in the cockpit. Measurement procedure details are provided in

A listing of reverberation time measurements is provided in [Table 11

Previous experience had shown that it is very difficult to determine room absorption in an aircraft
passenger cabin by measuring reverberation time because that time is very short due to the large room
absorption, and much of the interior space is dominated by direct sound fields radiated from fuselage
walls, as opposed to the reverberant field. The TU-144LL, however, had no passenger interior - no seats
and no carpeting. The floor consisted mostly of bare painted wood. The fuselage walls were covered
with insulation and trim. The chances of obtaining useful reverberation time calculations were therefore
quite good. These tests, including pre-test activities, were conducted jointly by the authors and Tupolev.
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Table 11: Reverberation time measurement details.

A

General Run Dura- Shot at
Area No tion (s) Tape Comments
' Block #
R1 5.70 ~2462 Pistol: Front left corner, half height.
R? 410 2890 Microphones 2 & 3 as in flight.
R3 3.65 ~3390 Pistol: Front left corner, half height.
~ Microphone 2 at centerline, microphone 3 as
Front R4 3.78 3838 in flight
Cabin R5 2.11 ~4247 | Pistol: 3 windows in front of window blank 2,
R6 5 62 4371 near floor; Microphones 2 & 3 as in flight.
R7 2.62 ~4605 Pistol: same as R5/R6. Microphone 2 as in
RS 218 4737 flight, microphone 3 centerline
R9 3.10 ~4932 Pistol: Port side on floor near bulkhead near
_ microphones 4,5,6. Microphones 4,5,6 as in
Mid R10 3.33 5282 flight.
Cabin | R11 2.43 ~5512 Pistol: Starboard side, 2 windows behind
window blank 5 on floor. Microphones 4,5,6
R12 2.37 ~6529 as in flight.
R13 2.11 ~7769 Pistol: Front, floor, port side.
Rear R14 179 7953 Microphones 7 & 8 as in flight.
Instr. '
Comp. R15 1.86 ~8051 | Pistol: Front, floor, port side. Microphone 7 as
R16 166 8183 in flight, microphone 8 22-in. from ceiling.

" All reverberation time data collected on data bank B (see Table 7).




4. Test Points

Flight test points were chosen to cover much of the TU-144’s flight envelope, as well as to obtain as large
a unit Reynolds number range as possible at various Mach numbers: takeoff, landing, six subsonic cruise

conditions, and eleven supersonic conditions up to Mach 2 (see [Table 12]. Continuous data was acquired
at each test condition and designated with a unique run number. [Figure 26{shows the test points in
relation to the TU-144LL s flight envelope.

O 1993 Concorde Test

TU-144 FLIGHT ENVELOPE

X Flights 9, 10, 11, 16, 17
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Figure 26: Tu-144 flight envelope and experiment 2.1 test points
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4-1

1000



Table 12: Table of test points.

Test | Run Date Data | Flight | Altitude | Altitude [ Mach No.| Time | Dura- Notes Comments
Point | No. Bank| No. (km) (kft) or Vig | (GMT) tion (s)
1 12:34:47 | 60.40
Ground runup cond. G1
2 B 12:38:09 | 60.27
3 A 12:43:41| 60.30
Ground runup cond. G2
4 B 12:46:57 | 60.26
5 A 13:03:00 | 60.16
Ground runup cond. G3
6 B 13:05:38 | 60.59
29-Sep-97 0.0 0.0 0 @)
7 B 13:09:06 | 18.62
Ground runup cond. G4
8 A 13:11:47| 19.38
9 A 13:36:46 | 60.51
Ground runup cond. G5
10 B 13:39:02 | 60.10
11 A 13:43:03 | 13.25
Ground runup cond. G6
12 B 13:45:35| 17.25
FLIGHT 9
13 A 0.0 0.0 0 09:13:59 | 32.24 Ground runup
21-12| 14 A <05 | <1.64 09:24:28| ~74 | (¥) Takeoff
15 A 09:47:28| ~45 | (*) Subsonic
2.1-9 8-Oct-97 9 5.0 16.4 |700 km/hr
16 B 09:50:51 | 60.83
17 A 09:53:28 | 62.02
2.1-10 5.0 16.4 {600 km/hr
18 B 09:55:30 | 42.48




Test | Run Date Data | Flight | Altitude | Altitude [ Mach No.| Time | Dura- Notes Comments
Point | No. Bank| No. (km) (kft) or Ving | (GMT) |tion (s)
19 A 10:00:33 | 60.70
2.1-11 5.0 16.4 {520 km/hr
20 B 10:02:28 | 64.14
21 A 10:19:25| 60.11
9.0 29.5 640 km/hr
22 | 8-Oct-97 | B 9 10:24:02 | 60.10
23 A 11:13:22 | 52.59
4.0 13.1 |550 km/hr
24 B 11:15:25| 62.21
2.1-13| 25 A <05 | <1.64 11:41:16 | 60.02 Landing
FLIGHT 10
27 B 0.0 0.0 0 10:43:07 | 68.67 Ground runup
2.1-12| 28 A <05 | <1.64 12:04:09| ~61 | (*) Takeoff
29 A 12:24:48 | 61.90
13.7 44.9 1.6
30 B 12:27:38 | 60.85
31 A 12:31:00 | 61.10
14.2 46.6 1.6
32 B 12:36:24 | 60.70
29-Oct-97 10
33 A 12:59:05| 60.13
2.1-2 16.9 55.4 1.95
34 B 13:02:56 | 61.82
35 A 13:09:24 | 60.94
2.1-1 | 36 B 17.3 56.8 1.95 |13:15:00| 61.18
37 B 13:18:11| 61.15
2.1-13| 38 A <05 | <1.64 13:51:16 | 60.08 Landing




Test | Run Date Data | Flight | Altitude | Altitude [ Mach No.| Time | Dura- Notes Comments
Point | No. Bank| No. (km) (kft) or Ving | (GMT) |tion (s)
FLIGHT 11
2.1-12| 39 A <05 | <164 09:14:15| 65.22 Takeoff
40 A 09:39:48 | 57.98
2.1-2 16.0 52.5 1.8
41 B 09:49:50 | 60.51
42 A 10:09:37 | 61.12
2.1-3 16.6 54.5 1.7
43 B 10:11:53 | 60.75
44 A 10:16:59 | 61.02
2.1-4 15.5 50.9 1.7
45 B 10:18:48 | 60.88
46 A 10:23:48 | 61.60
2.1-5 14.2 46.6 1.7
47 14-Nov-97 B 11 10:25:42 | 60.72
48 A 10:31:34 | 60.02
2.1-6 12.6 41.3 1.4
49 B 10:33:25| 63.71
50 A 10:37:26 | 60.53
2.1-7 12.5 41.0 1.2
51 B 10:39:13 | 60.21
125- | 41.0- . .
2.1-8 | 52 A 9.8 329 1.2-0.9 |10:42:04| 60.11 Transonic
53 A 10:53:14 | 60.46
2.1-9 5.0 16.4 0.75
54 B 10:55:08 | 61.54
2.1-13| 55 B <05 | <1.64 0 11:06:05 | 59.26 Landing
FLIGHT 15
56 0.0 0.0 0 09:48:30 | 64.74 Ground runup
19-Dec-97 15
2.1-12| 57 <05 | <1.64 10:04:19 | 62.74 Takeoff




Test | Run Date Data | Flight | Altitude | Altitude [ Mach No.| Time | Dura- Notes Comments
Point | No. Bank| No. (km) (kft) or Ving | (GMT) |tion (s)
FLIGHT 16
26 B 0.0 0.0 0 09:44:21 | 57.04 Ground runup
58 B <05 | <164 09:57:53 | 56.59 Takeoff
59 A 10:29:10| 61.14
60 | 22-Jan-98 | B 16 10:31:59 | 63.09
9.0 29.6 |640 km/hr Subsonic, Angle of Attack
61 A 10:37:53| 61.81
62 B 10:40:31| 56.02
63 B <05 | <1.64 11:57:52 | 60.02 Landing
FLIGHT 17
64 B 0.0 0.0 0 10:28:58 | ~56 | (*) Ground runup
65 B <05 | <164 10:40:49 | 59.98 Takeoff
66 A 11:03:53 | 61.39
16.2 53.2 2
67 B 11:09:48 | 61.12
68 | 29-Jan-98 | A 17 11:30:50 | 60.64
16.9 55.4 2.05
69 B 11:37:55| 60.58
70 A 16.4 53.8 1.75 11:51:26 | 61.28
71 B 15.0 49.2 1.6 11:53:06 | 62.70
72 B <05 | <164 12:39:55| 60.16 Landing

(™) See [Table 13|for description of ground runup conditions
(*) Not included in final data set.




Table 1@ound runup conditions.

Condition | Description Air Conditioning
Gl All engines idling ON
G2 All engines idling OFF
G3 Engine 3 at 72% (max thrust without afterburner), engines 1,24 idling OFF
G4 Engine 3 at 98% (almost max thrust with afterburner) , engines 1,2,4 idling OFF
G5 Engine 4 at 72% (max thrust without afterburner), engines 1,2,3 idling OFF
G6 Engine 4 at 98% (almost max thrust with afterburner) , engines 1,2,3 idling OFF

On 18-Nov-97, reverberation time measurements were taken in the TU-144LL passenger cabin and in the rear instrumentation compartment.
Details are in Section 3.3.2.
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5. The Data

5.1. Data Reduction Process

The data reduction process is depicted in Flight test data was recorded on two systems: the
Damien PCM System and the experiment 2.1 data acquisition system described in this report.

In order to analyze the time history data recorded on the Metrum, it was necessary to download the digital
data from Metrum tape. A physical connection was established between the Metrum HSDO port and an
R.C. Electronics DTI-512 interface board installed in a HP 9000/700 series computer. For each run, a
two step process was required to dump the data to the computer. In the first step, a multiplexed data file
was created on the computer using the R.C. Electronics DT1-512 program. This file contained all
channels of data between the beginning and ending blocks indicated on the manually recorded flight data
sheets. In the second step, the multiplexed file was split into several files (each with one channel of data)
and written in a MATLAB readable format, as prescribed in Section Unfortunately, because the
first step did not provide adequate error checking, it was possible to have corrupted data files. Typical
data file errors included dropouts and crossing of channels. It was therefore necessary to manually check
each channel of data to ensure that the data was downloaded from tape without error. This was a labor
intensive process. After verification, the data files were archived to CD-R as specified in Section

Microphone and Kulite calibration data were reduced in the same fashion as the time history data. Each
calibration record was typically 30 seconds in length. Kulite phase calibration data was archived but not
otherwise processed. Time histories of microphone and Kulite magnitude data were also archived, but
additionally were analyzed to determine sensitivities in Pascals per volt. These were manually entered
into calibration data files (along with accelerometer sensitivities) in a form specified in Section Use
of the calibration data files, time history data files and customized MATLAB m-files allowed for time
series, auto- and cross-spectrum (narrow and 1/3 octave, with and without A-weighting), auto- and cross-
correlation, transfer function and coherence analyses.

Reduction of auxiliary data, consisting of manual records (such as interior temperature) and flight
parameters (such as Mach number and altitude) on the PCM system, utilized the NASA DFRC FDAS
system as described in [1]. Auxiliary data files were generated with the format specified in Section
Auxiliary data was provided to serve as input to various boundary layer pressure fluctuation models for
comparison with the data. Work on model updates can be found in reference [17].

5.2. Sample Data

e Boundary layer pressure

Figure 28]shows a sample time history of the pressure fluctuations due to boundary layer
turbulence measured by Kulite N1.1 in the center of the foremost window blank, at almost Mach
2. The corresponding spectrum appears in Some 400 Hz noise is visible in the figure.
Figure 30]shows a spectrum of the data obtained under the same flight conditions by Kulite N7.1
in the center of the rear-most window blank.

For comparison, Figure 31|shows the spectrum of pressure fluctuations measured by Kulite N1.1
for a subsonic condition (Mach number about 0.65). Figure 32]presents the spectrum obtained at
the same time by Kulite N7.1.

e Skin vibration

Figure 33]has a spectrum of fuselage skin panel acceleration measured from accelerometer 10.15
near the rear-most window blank, near Mach 2.
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e Interior Noise

Figure 34]shows a spectrum of interior noise as measured by microphone 7, located in the rear
instrumentation compartment, approximately 1 or 2 feet behind the engine nozzle exhaust plane.

Figure 35]shows the same data up to 1 kHz.

e Ground runup

Figure 36]shows a spectrum of the pressure fluctuation measured by Kulite N7.1 during ground
engine runup run G6.

e Reverb time

Figure 37|shows a transient time record measured by microphone 4 during reverberation time
experiment run R10. Reverberation times may be calculated using this data
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Figure 27: Data flow diagram.
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Figure 28: Sample time history of boundary layer pressure fluctuations (Kulite N1.1, Mach 1.95, Alt. 17.3km).
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Figure 29: Narrow band spectrum of pressure fluctuations (Kulite N1.1, Mach 1.95, Alt. 17.3 km).
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Figure 30: Narrow band spectrum of pressure fluctuations (Kulite N7.1, Mach 1.95, Alt. 17.3 km).
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Figure 31: Narrow band spectrum of pressure fluctuations (Kulite N1.1, 600 km/h, Alt. 5 km).
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Figure 32: Narrow band spectrum of pressure fluctuations (Kulite N7.1, 600 km/h, Alt. 5 km).
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Figure 34: Narrow band spectrum of interior noise (Microphone 7 in rear instrumentation compartment, Mach 1.95, Alt. 17.3 km)
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Figure 37: Sample reverberation time data (Microphone 4, Run R10).
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5.3. Time History Data File Format

Time history data files were written for each channel (except IRIG-B and voice annotation channels) for
each run and each flight or ground test experiment. The data files all have the same format as provided in
MATLAB variable names, which are not part of the data file but which are assigned as the data
is read into MATLAB, are provided as reference.

Table 14: Format of time history data files.

MATLAB Variable Name| Data Number Description
Type(*) | of values
data.ver float 1 Used to differentiate data file versions from one
another. The present value is 1.0.
data.npt long 1 Number of data points associated with the record.
Records from the same run contain the same number
of points.
(**) long 1 Number of characters in the following string.
data.comment_line char (**) Comment string used to annotate this data file.
(***) long 1 Number of characters in the following string.
data.test_name char (***) Test name field from Metrum. Because of a bug in
the program used to download the data from the
Metrum, this field is blank.
data.type int 1 Data type: 1=flight, 2=engine runup, 3=calibration,
4=reverb
data.bank int 1 1=Bank A transducers, 0=Bank B transducers
data.flight_number int 1 Flight number.
data.run_number int 1 Run number.
data.beg block int 1 Beginning Metrum block number of this record.
data.end_block int 1 Ending Metrum block number of this record.
data.start_time.hr int 1 Starting time (hr) of this record.
data.start_time.min int 1 Starting time (min) of this record.
data.start_time.sec int 1 Starting time (sec) of this record.
data.start_date.yr int 1 Starting date (year) of this record.
data.start_date.month int 1 Starting date (month) of this record.
data.start_date.day int 1 Starting date (day) of this record.
data.scale float 1 Scale factor to convert from digital counts to volts.
data.sample_rate int 1 Data sampling rate.
data.channel int 1 Metrum channel number.
data.time short data.npt | Time history record in digital counts.
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(*) NOTE: The data files were written on a HP 9000/700 series computer. This is a “BIG-ENDIAN”
computer, that is, the least significant byte has the most significant position in the multi-byte word. In
order to read this data on a “LITTLE ENDIAN” computer, e.g. PC or DEC machine, the byte order must
be reversed. MATLAB scripts provided with the data files perform any necessary byte swapping
automatically depending on the computer type. In this way, the data file size is dramatically reduced in
comparison to a binary MATLAB file format in which all data entries are treated as double precision
floating point entries.

Data files were written in the familiar DOS 8.3 format, i.e. an 8 character prefix and 3 character
extension. The file name is defined according to the convention:

Txxyyzz.MAT
where
T = file type (f=flight, g=ground engine run-up, r=reverberation time, c=calibration)
xx = flight or condition number, i.e. 11 for flight 11 or 06 for ground runup condition 6. (Note:
For reverberation time measurements, this field is always 00).
yy = run number from for flight and ground engine runup data (01-72), for

reverberation time data (01-16).

zz = datachannel as specified in

The extension used is MAT. Note that although this extension is also used to designate a MATLAB
binary file format, the format used is as provided in [Table 14| Efforts to read the data into MATLAB as a
MATLAB binary file format will fail.

Data files were archived in ISO 9660 format on CD-R as indicated in [Table 15| The 20-volume set
contains all data with the exception of microphone and Kulite calibration data. Time histories of the latter
are used to compute scalar calibrations which are included in the calibration data files, see Section

Table 15: Table of CD-R titles and contents.

CD-R Title Size (MB) | Flight No. | Run No.
G V1 553 G1,G2 1-4
G V2 364 G3,G4 5-8
G V3 347 G5,G6 9-12
F9 V1 453 9 13,16-18
F9 V2 562 9 19-22
F9 V3 401 9 23-25
F10 V1 454 10 27,29,30
F10 V2 578 10 31-34
F10 V3 577 10 35-38
F11 V1 438 11 39,52,55
F11 V2 570 11 40-43
F11 V3 579 11 44-47
F11 V4 579 11 48-51
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CD-R Title Size (MB) | Flight No. | Run No.
F11 V5 289 11 53,54
F15 V1 302 15 56,57
F16 V1 564 16 26,58-60
F16 V2 422 16 61-63
F17 V1 575 17 65-67,72
F17 V2 581 17 68-71

R V1 30 Reverb 1-16

5.4. Calibration Data File Format

For each flight or ground experiment (ground engine runup and reverberation time), a calibration data file
was written into a computer file in a MATLAB data structure. A portion of a calibration data file (Flight
10) is provided below.

% THIS FILE APPLIES TO TU-144LL FLIGHT 10, CONDUCTED ON 10/29/97

% This file contains a portion of the data structure for each transducer.
% 1t contains the following:

% data.xdcrstr Character string designating the transducer

% data.xdcr_sn Transducer serial number

% data.xcdr_typ Transducer Type (1=Mic, 2=Kulite, 3=Accel, 4=0ther)

% data.precal Pre flight cal factor in EU/V

% data.postcal Post flight cal factor in EU/V (same as precal if not available)
% data.gain Linear Gain

% data.dbref Reference for dB scaling

% data.ytimstr Character string designating the y label for time history plots
% data.yspecstr Character string designating the y label for auto spectra plots

switch data.channel
case 1

data.xdcrstr "Kulite N1.1%;

data.ytimstr
data.yspecstr

"Pressure (Pa)-";
"SPL (dB re: 20 uPa)";

data.xdcr_sn = "127-1%;

data.xdcr_typ = 2;

data.precal = 1760.39; % cal factor PasV from 150 dB data (10/21/97)
data.postcal = 1760.39;

data.gain =1.0;

data.dbref = 2.0e-5;

In these files, information for each transducer is provided including its designation, serial number, and
pre- and post-test calibration factors. Pre-test calibrations were used in place of the post-test calibrations
when post-test calibrations were not performed. Only Kulite magnitude calibration data was made
available in these files; phase calibrations (see Section were not included here.
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5.5. Auxiliary Data File Format

For each run, auxiliary data from the NASA DFRC FDAS system was collected into a computer file in
MATLAB data structure. Here is a sample file (Flight 10, Run 35); it will be followed by further
comments:

% This Ffile contains auxiliary data items which exist at the "run" level:

% one parameter has a single time-invariant value for one "run" which corresponds
% to a flight condition (or an engine setting for ground runup measurements).

%

% This excludes transducer/signal channel calibration data which exist at the

% "flight" level and are stored in a different input file.

% Data items which end in _s are standard deviations associated with
% the parameter without _s.

% RUN PARAMETERS

% e

% fdas.run.start Start time in seconds past midnight

Y% fdas.run.stop Stop time in seconds past midnight

%

% FLIGHT PARAMETERS

% e o

% fdas.flight_hpc Altitude (meters)

% fdas.flight_machc Mach number

% fdas.flight.ktas True air speed (knots)

% fdas.flight.kias Indicated air speed (knots)

Y% fdas.flight._tsc Ambient atmospheric temperature (deg C)

% fdas.flight.alpha Angle of attack (degQ)

% fdas.flight.theta Pitch angle (deg)

% fdas.flight.beta Side slip angle (deg)

% fdas.flight.phi Bank angle (deg)

Y% fdas.flight.gwcalc Gross weight (metric tons)

%

% CABIN INTERIOR

% @ e

% fdas.cabin.press Cabin pressure (mBar)

% fdas.cabin.temp Cabin temperature at operator location (deg C)
%

% ENGINE PARAMETERS

L Sy

% fdas.engine.ril Speed of low pressure spool, engine #1 (percent)

% fdas.engine.rl2 Speed of low pressure spool, engine #2 (percent)

% fdas.engine.rl3 Speed of low pressure spool, engine #3 (percent)

Y% fdas.engine.rl4 Speed of low pressure spool, engine #4 (percent)

Y% fdas.engine.rml Speed of medium pressure spool, engine #1 (percent)
% fdas.engine.rm2 Speed of medium pressure spool, engine #2 (percent)
% fdas.engine.rm3 Speed of medium pressure spool, engine #3 (percent)
Y% fdas.engine.rm4 Speed of medium pressure spool, engine #4 (percent)
% fdas.engine.rhl Speed of high pressure spool, engine #1 (percent)

% fdas.engine.rh2 Speed of high pressure spool, engine #2 (percent)

% fdas.engine.rh3 Speed of high pressure spool, engine #3 (percent)
Y% fdas.engine.rh4 Speed of high pressure spool, engine #4 (percent)
Y% fdas.engine.vll Vibration speed-front support engine #1 (percent)

% fdas.engine.v12 Vibration speed-front support engine #2 (percent)

% fdas.engine.vl3 Vibration speed-front support engine #3 (percent)
Y% fdas.engine.vl4  Vibration speed-front support engine #4 (percent)
Y% fdas.engine.v2l Vibration speed-mid support engine #1 (percent)

% fdas.engine.v22 Vibration speed-mid support engine #2 (percent)

% fdas.engine.v23 Vibration speed-mid support engine #3 (percent)

% fdas.engine.v24  Vibration speed-mid support engine #4 (percent)

% fdas.engine.v3l Vibration speed-booster chamber engine #1 (percent)
% fdas.engine.v32 Vibration speed-booster chamber engine #2 (percent)
% fdas.engine.v33 Vibration speed-booster chamber engine #3 (percent)
% fdas.engine.v34 Vibration speed-booster chamber engine #4 (percent)
%

% NOZZLE EXIT FLOW PARAMETERS - ENGINE #3
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.run.start
.run._stop

.cabin._press

fdas.
fdas.
fdas.
fdas.
fdas.
fdas.
fdas.

data
vel
ttemp
tpres

noz3.
noz3.
noz3.
noz3.
noz3.mass

noz3.area

noz3.gtemp

Nozzle exit data exists (1=Yes, 0=No)

Velocity (m/sec)

Total temperature (deg C)

Total pressure (Pa)
Mass flow rate (kg/sec)

Nozzle cross-sectional area (n"2)

Exhaust gas temperature at turbine exit (deg C)

NOZZLE EXIT FLOW PARAMETERS - ENGINE #4

Nozzle exit data exists (1=Yes, 0=No)

Velocity (m/sec)

Total temperature (deg C)

Total pressure (Pa)
Mass flow rate (kg/sec)

Nozzle cross-sectional area (m"2)

Exhaust gas temperature at turbine exit (deg C)

-otemp.t923pav
.otemp.t929pav
.otemp.t937pav
.otemp.t938pav
.otemp.t948pav
-otemp.t949pav
.otemp.t951pav
fdas.otemp.t952pav

) Millimeters from a forward

fuselage
fuselage
fuselage
fuselage
fuselage
fuselage

T/C fuselage

24300-67
30320-67
30320-90
41160-67
41160-90
46000-67
46000-90

reference point

(**) Angle measured circumferentially from crown

RUN PARAMETERS

FLIGHT PARAMETERS
-hpc
-machc
-ktas
-kias
.tsc
.alpha
-theta
-beta
-phi
-gwcalc

CABIN INTERIOR

.cabin_temp
ENGINE PARAMETERS

-engine.rll = 76.13023
.engine.rl2 = 76.17246
.engine.rl3 = 76.65763
.engine.rl4 = 78.18011
-engine.rml = 83.50220
.engine.rm2 = 83.79623
.engine.rm3 = 84.19279
.engine.rm4 = 85.48249
-engine.rhl = 88.47282
.engine.rh2 = 88.81432
.engine.rh3 = 88.53609
.engine.rh4 = 89.28443
.engine.v1l = 73.88566
.engine.v12 = 73.82329
.engine.v13 = 74.00000

47364.000
47424 .000

56653.38
1.967909
1113.779
454 .9797
-62.20151
4.923744
3.442639
1.076307
-1.078853
1.3606821e+02

903
14.9
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fdas.engine.vl4 = 75.88566

fdas.engine.v2l = 53.00000

fdas.engine.v22 = 53.06861

fdas.engine.v23 = 53.95842

fdas.engine.v24 = 54_.55717

fdas.engine.v3l = 118.3971

fdas.engine.v32 = 119.0000

fdas.engine.v33 = 118.7089

fdas.engine.v34 = 119.8046

%

% NOZZLE EXIT FLOW PARAMETERS - ENGINE #3
% e
fdas.noz3.data =0

fdas.noz3.vel = -888.88
fdas.noz3.ttemp = -888.88
fdas.noz3.tpres = -888.88
fdas.noz3.mass = -888.88
fdas.noz3.area = -888.88
fdas.noz3.gtemp = -888.88

%

% NOZZLE EXIT FLOW PARAMETERS - ENGINE #4
0h 0 e
fdas.noz4._data 0

fdas.noz4._vel -888.88
fdas.noz4.ttemp -888.88

fdas.noz4.tpres = -888.88

fdas.noz4 _mass -888.88
fdas.noz4._area -888.88
fdas.noz4.gtemp -888.88

%

% FUSELAGE OUTER SURFACE TEMPERATURES (LEFT SIDE)
0 @ e
fdas.otemp.t923pav = 75.403381
fdas.otemp.t929pav = 78.318367
fdas.otemp.t937pav = 73.808716
fdas.otemp.t938pav = 77.145996
fdas.otemp.t948pav = 81.295204
fdas.otemp.t949pav = 79.684799
fdas.otemp.t951pav = 76.595589
fdas.otemp.t952pav = 80.901817

%

% STANDARD DEVIATIONS

%

% FLIGHT PARAMETERS

% e~
fdas.flight.hpc_s = 72.33243
fdas.flight_machc_s = 0.3604686E-02
fdas.flight.ktas_s = 2.260388
fdas.flight.kias_s = 1.501028
fdas.flight.tsc_s = 0.2854766
fdas.flight.alpha_s = 0.4942496E-01
fdas.flight_theta_s = 0.1651940
fdas.flight.beta_s = 0.8170152E-01
fdas.flight.phi_s = 0.2715641

%

% ENGINE PARAMETERS

L Uy Sy
fdas.engine.rll_s = 0.1681500
fdas.engine.rl2_s = 0.1507661
fdas.engine.rl3_s = 0.1631295
fdas.engine.rl4_s = 0.1777662
fdas.engine.rml_s = 0.2246118
fdas.engine.rm2_s = 0.1052996
fdas.engine.rm3_s = 0.1543996
fdas.engine.rm4_s = 0.1561846
fdas.engine.rhl_s = -999.99
fdas.engine.rh2_s = 0.2883749
fdas.engine.rh3_s = -999.99
fdas.engine.rh4_s = 0.3346474
fdas.engine.vll_s = 0.3185205
fdas.engine.vl2_s = 0.3818473
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fdas.engine.vl3_s = 0.
fdas.engine.v1l4_s = 0.3185205
fdas.engine.v2l_s = 0.
fdas.engine.v22_s = 0.2530479
fdas.engine.v23_s = 0.1997920
fdas.engine.v24_s = 0.4972551
fdas.engine.v31l_s = 0.4905200
fdas.engine.v32_s = 0.
fdas.engine.v33_s = 0.4553524
fdas.engine.v34_s = 0.3967994

%

% FUSELAGE OUTER SURFACE TEMPERATURES (LEFT SIDE)
%
fdas.otemp.t923pav_s = 2.355395
fdas.otemp.t929pav_s = 1.672243
fdas.otemp.t937pav_s = 2.283934
fdas.otemp.t938pav_s = 1.993614
fdas.otemp.t948pav_s = 3.388538
fdas.otemp.t949pav_s = 3.681047
fdas.otemp.t951pav_s = 5.388420
fdas.otemp.t952pav_s = 5.652197

Nozzle exit flow parameters are only available for ground runups. Special values -888.88 indicate that
data are not available. Special values -999.99 indicate that the attempt of obtaining the value ran into an
error condition, and that it was judged too time consuming to attempt to resolve the problem.

Plots of the flight data parameters on a 10-second interval are provided for each flight in
5.6. Data Availability

The complete time history data set is archived on a 20 volume CD-R compilation. Data processing scripts
for use with MATLAB, calibration data files and auxiliary data files are on floppy disk. Time histories of
the calibration file records are not available.

Requests for data should be submitted in writing to the following address:

Dr. Stephen A. Rizzi

NASA Langley Research Center
Mail Stop 463

Hampton, VA 23681-2199
Email: p.a.rizzi@larc.nasa.qov|

A determination of data availability will be made on a case-by-case basis.
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5.7. Boundary Layer Thickness

Boundary layer thickness is often required in prediction schemes of boundary layer pressure fluctuations. For reference, two sets of prediction

formulas are included here. The one marked “US” is used by Boeing for interior noise prediction. The one marked “Russia” is used by Tupolev.

Given quantities: Free stream Mach number M, free stream speed of sound a, free stream kinematic viscosity v, distance from aircraft nose x.

Table 16: Formulae for boundary layer thickness calculations.

Quantity

usS

Russia

True Air
Speed

U = Ma

Reynolds
Number

Boundary
Layer
Thickness

5=037xRe” 92| 14] Re7| ‘
6.9 x 10

0.35
5=0.37x Re_0-2(1+ 0.144M 2)

Displacement
Thickness

5(1.3 +043M 2)

o= 2 g 0333
104 +05M?2l 1+ 2 x10" ° Re |

188(log,, Re— 306)

0*=0|1

‘  (188log,, Re—4.752) x (1+0.065M?)

Momentum
Thickness

0= J

0333
104 +05M?/ 1+2x 10" 8 Re |

(no formula supplied)

Figure 38 compares the boundary layer and displacement thickness formulas graphically for various flight conditions.
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Figure 38: Comparison of boundary layer and displacement thickness calculations.
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5-23

90

100



BOUNDARY LAYER THICKNESS, FT.
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6. Measurement Uncertainties

The following are the dominant sources of uncertainty: Deviation from constant test point conditions, and
pressure transducer flushness.

6.1. Deviation From Constant Test Point Conditions

We cannot make a general statement regarding uncertainty in this case because the constancy of test
conditions varies greatly. The reader, or user of the data, needs to assess it for each test point using the
standard deviations of auxiliary data provided in MATLAB files accompanying the main data.
Recordings during takeoffs and landings have large variations as one would expect. The constancy
during regular flight depends on the pilot’s skill in using minimum control inputs during data acquisition.
Constancy improved as the test flights progressed.

6.2. Pressure Transducer Flushness

As reported in 1975 by Hanly [23], there can be a substantial deleterious effect of installing a transducer
measuring turbulent surface pressure without carefully controlling the amount by which it protrudes past
or is recessed into the surrounding surface. Because the Kulite transducers used in the present study have
a small cavity behind the protective screen it was decided that a special investigation was needed to
determine the effect of transducer flushness on measured turbulence spectra, as a function of flight
condition (altitude and Mach number). If this study would show that a single transducer flushness value
would not guarantee accuracy at all conditions then a method of correcting measured spectra should be
provided.

This study was carried out by TSAGI [22] using the same Kulite XCS-190-15D transducer and insulating
boss as used in the test flights. The window blank curvature was simulated by embedding boss and
transducer into a 40-mm diameter “hub’ with a cylindrical face of appropriate radius (1600-mm). The hub
was inserted into the otherwise flat wind tunnel wall. The amount of the transducer face’s protrusion or
recess with respect to the surrounding surface was measured optically. Transducer response
measurements were made at the following flow conditions:

Mach Number 0.5 0.78 15 2.0 2.5
Simulated Altitude (km) 49 49 13.8 16.8 16.8

A truly flush mounted 1/8-th inch condenser microphone (Bruel & Kjaer 4138) without grid cap was used
as a basis for comparison (such a microphone is not suitable for in-flight measurements due to its
fragility). The data in [Table 17]show the difference between levels measured by the condenser
microphone and those by the Kulite where the latter was at its ‘reference’ or ‘zero’ position: the
transducer face is even with the lowest part of the intersection curve of the cylindrical hole that the
transducer is mounted in, and the outer cylindrical surface simulating the window blank/fuselage
curvature. Specifically:

ALi = I-Kulite - L 1 ALZ = I—Kulite _| L 1 T CorrCOFCOS

B&K= B&K=
8 8

where Correoreos IS the correction for transducer size according to [24] (only significant at higher
frequencies).
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Table 17: Spectral differences of pressure fluctuation measurements (dB)EI

Mach Number
Freq.
(H2) 0.5 0.78 15 2.0 2.5
AL, AL, AL, AL, AL, AL, AL, AL, AL, AL,

25 0.2 -0.2 0.2 * 0.2

315 * * * -0.2 *

40 * -0.2 * * 0.2

50 * 0.2 * 0.2 *

63 -0.3 * 0.2 * *

80 * * -0.2 * *

100 * * * -0.2 *

125 * * * * *

160 -0.2 * * * -0.2

200 0.2 * * * *

250 -0.3 * * -0.2 *

315 -0.3 -0.2 * * 0.2

400 0.2 -0.2 * * -0.2

500 0.2 * * * *

630 -0.3 * * * 0.2

800 * * -0.3 * 0.2 *

1000 * -0.2 -0.2 * * -0.2

1250 * -0.2 -0.5 -0.6 * * 0.2

1600 -0.2 -0.5 -0.5 -0.6 * * * -0.2

2000 -0.5 -0.9 -0.6 -0.8 * -0.2 * *

2500 -1 -1.5 -0.6 -0.9 * -0.2 -0.2 -0.3 -0.2 -0.3
3150 -2.4 -3 -1.2 -1.6 -0.2 -0.4 -0.2 -0.3 * -0.3
4000 -4.3 -5 -1.8 -2.3 -0.5 -0.8 -0.3 -0.5 -0.2 -0.4
5000 -5.6 -6.5 -2.3 -2.9 -0.8 -1.2 -0.4 -0.7 * -0.4
6300 -6.8 -7.9 -3 -3.7 -1 -1.5 -0.5 -0.9 -0.2 -0.5
8000 -8.2 -9.6 -3.3 -4.2 -1.6 -2 -0.7 -1.2 -0.4 -0.8
10000 -9 -10.8 -3.8 -5 -2 -2.7 -1 -1.6 -0.7 -1.2

® Values below 0.2 are indicated with * because they fall below the measurement uncertainty.
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Freq.

Mach Number

0.5 0.78 15 2.0 2.5
(Hz)
AL,y AL, AL, AL, AL, AL, AL, AL, AL, AL,
12500 -9.8 -12.1 -4.5 -6 -2 -2.8 -1.5 -2.2 -0.9 -1.5
16000 | -11.6 -14.7 -5.5 -1.4 -2.5 -3.6 -1.9 -2.8 -1.4 -2.2
20000 | -13.5 -17.5 -8.1 -10.5 -3.2 -4.6 -2.8 -3.9 -2.4 -3.4

Examining these data, Efimtsov concluded that the Kulite behaves as if its face diameter were about
8 mm instead of the actual 3.86 mm (see when applying the Corcos correction. This results in a

relatively simple correction procedure for the Kulite if one can assume that it is flush mounted and that

the measurements made by the B&K microphone represent the true level.

Efimtsov then investigated the transducer’s behavior when it was installed not exactly flush. Deviations
from flushness ranged from -100 to +100 um (micrometers = thousandths of a millimeter). Negative
flushness indicates recessed and positive indicates protruding. The results are tabulated in [Table 18]-
fTable 22]and plotted in Figure 39]- [Figure 43] From this data, corrections to the flight data for transducer

flushness (see [Table 4) could be applied if necessary.
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Table 18: Kulite transducer non-flush frequency response - dB difference with flush (H=4.9 km, M=0.5).

Band Freq. Protrusion (>0) or Recession (<0) in Thousandths of a Millimeter

No. Hz -100 -50 -20 -10 -5 5 10 20 50 | 100
14 25 4 2.8 1.3 0.5 -1 -0.5 -0.5 1.6
15 31.5 4.8 3 1.3 0.3 -1.2 -0.8 -0.3 1.6
16 40 5.5 3.2 0.9 0.3 -09 [ -11 0 1.6
17 50 5.2 3.4 0.9 0.3 -0.6 -1 0 15
18 63 4.9 35 0.8 0.4 -0.6 [ -09 0 14
19 80 4.6 3.7 0.7 0.5 -0.4 -0.8 0 15

20 100 4.3 3.4 0.7 0.4 -0.2 | -07 0.2 15

21 125 4 2.9 0.6 0.4 -0.2 -0.6 0.3 15
22 160 3.9 2.9 0.6 0.2 0] -05 0.4 1.4
23 200 3.9 2.8 0.8 0.2 0] -04 0.4 1.4
24 250 3.9 2.7 1 0 0] -03 0.3 1.3
25 315 3.8 2.5 0.9 0 0] -02 0 1.3
26 400 3.5 2.3 0.9 0 0 0 0 1.2
27 500 3.4 2.2 0.8 0 0 0 0.2 1
28 630 3.2 2 0.7 0 0 0.2 0.3 0.9
29 800 2.8 1.6 0.6 0 0 0.3 0.4 0.8
30 1000 2.6 1.4 0.4 0 0 0.3 0.5 0.8
31 1250 2.2 1.3 0.4 0 0 0.2 0.4 0.7
32 1600 1.6 0.5 0.3 0 0 0 0.2 0.5
33 2000 1.3 0.5 0.2 0 0 0 0 0.3
34 2500 1.4 0.6 0 0 0 0 0 0.2
35 3150 1.6 0.6 0 0 0 0 0 0
36 4000 1.8 0.7 0.2 0 0 0 0 0
37 5000 2 0.8 0.3 0 0] -02 -0.2 -0.3
38 6300 2.1 0.8 0.4 0 0] -02 -03 | -04

39 8000 2.3 1 0.4 0 -0.2 -0.3 -0.4 -0.5

40 10000 2.4 1.1 05 0.2 -02 ] 03[ -04] -05

41 12500 2.2 0.9 0.5 0.2

42 16000 2.7 1 0.4 0.2

o |©O |©o | |o |o |o | |o | |o | |o | | | |o | | | | | | | |o |o |o |o |o |o
o |©O |©o | |o |o |o | |o | |o | |o | | | |o | | | | | | | |o |o |o |o |o |o

43 20000 3.6 1.1 0.2 0
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Table 19: Kulite transducer non-flush frequency response - dB difference with flush (H=4.9 km,

M=0.78).

Band Freq. Protrusion (>0) or Recession (<0) in Thousandths of a Millimeter

No. Hz -100 -50 -20 -10 -5 5 10 20 50 100
14 25 4.7 5.2 1.3 0.3 -04 [ -12 13 3.8
15 32 4.9 5.4 14 0.5 -0.6 -0.9 1.2 3.7
16 40 5.3 5.5 1.6 0.7 -09 [ -04 1.1 3.9
17 50 5.2 5.3 1.6 1 -0.7 -0.2 1 3.7
18 63 5.1 4.9 17 1.2 -0.4 0 0.9 3.6
19 80 5 4.8 1.8 0.8 -0.2 -0.2 0.8 3.5
20 100 4.9 4.5 1.8 0.6 0 -0.3 0.8 3.3

21 125 4.8 4.1 1.8 0.5 -0.3 ]| -04 0.8 3.2

22 160 4.4 3.9 1.6 0.3 -0.6 -0.6 0.7 3

23 200 4.3 4 15 0.3 -06 | -05 0.7 2.8

24 250 4.2 3.9 1.4 0.5 -0.7 -0.5 0.8 2.6

25 315 4.2 3.9 14 0.5 -05 ] -04 0.7 2.6

26 400 4.2 3.9 1.3 0.6 -0.4 -0.3 0.8 2.5

27 500 4.1 3.9 13 0.7 -0.3 | -04 0.6 2.4

28 630 4.1 3.8 1.4 0.7 -0.2 -0.4 0.5 2.3
29 800 4 3.8 1.4 0.7 0] -06 0.5 2.2
30 1000 3.8 3.3 1.2 0.5 0] -04 0.4 1.9
31 1250 3.6 3 1 0.3 0] -03 0.3 1.6
32 1600 3.1 2.5 0.8 0.4 0] -02 0.3 1.3
33 2000 2.9 2.3 0.7 0.3 0 0 0.2 0.9
34 2500 2.8 2 0.6 0.2 0 0 0.2 1
35 3150 2.9 1.9 0.6 0.2 0 0 0 0.8
36 4000 2.8 1.6 0.5 0.2 0 0 0 0.4
37 5000 2.6 1.3 0.3 0 0 0 0 0
38 6300 2.5 1.2 0.4 0.2 0 0] -02 -0.2
39 8000 2.3 1.2 0.3 0.2 0] -02 -03 | -05
40 10000 2.4 1.2 0.4 0 0] -02 -03 | -0.6

41 12500 2.5 1.2 0.3 0.2 0 -0.2 -0.4 -0.8

42 16000 2.7 1.3 0.4 0.2 -0.2 -0.2 -0.5 -1

O | |©o | | | |o | |o | |o |o |o |o |o | | |o | |o | |o | | | | |o |o |o |o
O | |©o | |o | |o | |o | |o |o |o |o |o | | |o | |o | |o | | | | |o |o |o |o

43 [ 20000 3.1 1.4 0.5 0.3 -03 ] -03( -06] -1.1
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Table 20: Kulite transducer non-flush frequency response - dB difference with flush (H=13.8 km,

M=1.5).

Band Freq. Protrusion (>0) or Recession (<0) in Thousandths of a Millimeter

No. Hz -100 -50 -20 -10 -5 5 10 20 50 100
14 25 3.6 23| -09 0.8 23 2.7 4.6 6.9 | 108
15 31.5 3.3 1.9 -2.4 0.9 1.7 2 3 6.4 9.7
16 40 1.8 16 | -17 0.5 0.3 1.6 3.1 6.3 9.5
17 50 1.6 1.3 -1.2 -0.5 0.5 1.4 3.1 5.6 9
18 63 2.2 09| -13| -07 0.7 14 3.2 5.5 8.8
19 80 2.4 0.6 -1.1 -0.4 0.9 1.7 2.8 5.4 8.7
20 100 2.3 0.8 -1 -0.2 0.8 1.7 2.5 5.5 8.3

21 125 2 11| -08

o

0.7 1.6 2.3 55 7.9

22 160 1.5 09| -05 0.7 1.4 2.1 5.1 7.8
23 200 1.2 08| -0.2 0.7 1.3 2.2 5 7.7
24 250 1.3 0.9 0 0.8 1.3 2.1 5 7.6
25 315 1.1 0.7 -03 0.8 1.2 2 4.7 7.5

26 400 0.9 0.6 -0.5 0.6 1.1 1.9 44 7.3

27 500 05 04| -0.6 0.5 1 1.7 4.1 7

28 630 0.6 0.3 -0.6 0.5 0.9 1.7 3.9 6.7

29 800 0.4 02| -05 0.4 0.8 1.6 4.1 6.8

30 1000 0.2 0 -0.5 0.4 0.8 1.6 4 6.6

31 1250 0 0 -0.4 0.5 0.8 15 3.9 6.5

32 1600 | -02 | -03( -0.4 0.4 0.7 13 3.7 6.2

33 2000 -0.3 -0.3 -0.3 0.3 0.6 1.2 3.1 5.5

34 2500 | 05 -05] -03 0.2 0.5 1 2.6 4.9

35 3150 -0.6 -0.4 -0.2 0.2 0.5 0.9 2.2 4.2

36 4000 | -06 | -03 | -0.2 0 0.4 0.7 1.8 3.5

O | |©o | | | |o | |o | |o |o |o |o |o | | |o | |o | |o | | | | |o |o |o |o

N o |lo |lo |lo o |lo o |lo |o |lo |lo |lo |lo o |lo o |Jlo |o |lo |o |o

37 5000 -0.6 -0.2 0 0 0.3 0.5 1.3 2.7
38 6300 -0.7 -0.2 0 0 0 0.2 0.7 1.9
39 8000 -0.9 -0.2 0 0] -02 0 0 0.6
40 10000 -0.9 0 0 0] -02 -0.2 05| -04
41 12500 -0.7 0 0 0] 03] 03| 09| -11
42 16000 -0.2 0.4 0.3 0] -03] 04| -11 -1.7
43 20000 0.4 0.7 0.4 0 -0.2 -04 | -05] -14] -21
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Table 21: Kulite transducer non-flush frequency response - dB difference with flush (H=16.8 km,

M=2.0).
Band Freq. Protrusion (>0) or Recession (<0) in Thousandths of a Millimeter
No. Hz -100 -50 -20 -10 -5 5 10 20 50 100
14 25 27| 32| 25| -11 0 0.5 -1 14 0.9 35
15 31.5 3.5 -2.5 -1.7 -1 0 0.2 -0.7 15 1.4 3.3
16 40 45| -19| -13 [ -08 0| -04| -02 17 1.9 3.1
17 50 4.2 -1.5 -1.1 -0.9 0 -0.5 0 1.6 2 3.1
18 63 41| -13| -09( -08 0] -08 0 15 1.9 3.1
19 80 4.1 -1.3 -1.1 -0.6 0 -0.5 0.3 1.4 1.8 3.1
20 100 4 -1.1 -0.9 -0.4 0 -0.3 0.2 1.3 15 2.9
21 125 4| -09] 07| -03 0| -02 0.2 12 14 2.8
22 160 3.7 -0.6 -0.5 -0.2 0 0 0 1.2 1.3 2.7
23 200 33| 05| -03 | -02 0 0 0 1.1 1.2 29
24 250 3.1 -0.4 -0.2 0 0 0.2 0 1.1 1.2 2.9
25 315 27| -03 0 0 0 0 0 1.1 1.2 3
26 400 2.6 -0.2 0 0 0.2 0 1 1.2 2.8
27 500 2.3 0 0 0 0 0.3 0 1 1.1 2.7
28 630 2.2 0 0 0 0 0.2 0 0.8 1 2.6
29 800 16 | -0.2 0 0 0 0.2 0.2 0.8 0.9 25
30 1000 1.5 -0.2 0 0 0 0 0.2 1 0.9 2.4
31 1250 14 0 0.2 0 0 0 0.2 1 0.8 2.2
32 1600 12 0 0.2 0 0 0 0.3 0.9 0.8 2.1
33 2000 1 0 0.3 0.2 0 0 0.2 0.8 0.7 1.8
34 2500 0.8 0 0.3 0.2 0 0 0 0.8 0.6 17
35 3150 1 0 0.2 0 0 0 0 0.8 0.5 1.4
36 4000 0.7 0 0 0 0 0 0 0.7 0.5 1.1
37 5000 0.7 0 0 0 0 0 0 0.5 0.2 0.7
38 6300 0.7 0.2 0.2 0 0 0 0 0.3 0 0.4
39 8000 0.8 0.3 0.3 0.2 0 0 0 0.2 -0.2 0
40 | 10000 0.9 04 04 0.2 0 0 0 0| -05| -06
41 12500 1 0.6 0.5 0.2 0 0 0 0 -0.6 -1.1
42 16000 1.6 1 0.6 0.3 0 0 0 -0.4 -0.9 -1.7
43 | 20000 24 1.3 0.6 0.3 0 0| -02 | -05 -1 -2
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Table 22: Kulite transducer non-flush frequency response - dB difference with flush (H=16.8 km,

M=2.5).
Band Freq. Protrusion (>0) or Recession (<0) in Thousandths of a Millimeter
No. Hz -100 -50 -20 -10 -5 5 10 20 50 100
14 25 3 15| -0.9 0.5 03| -13 1] 12| -08 23
15 31.5 3.1 1.7 -0.7 0.7 0.2 -1.2 -1.7 -1.4 -1.4 1.2
16 40 3.2 24 | -05 1.1 0| 09| -25( -16| -22 0.3
17 50 3.5 2 -0.2 0.8 0 -0.7 -1.5 -1.4 -1 0
18 63 39 1.8 0 0.5 0| -04] -11{( -13] -09 0
19 80 3.7 1.6 0 0.3 0 -0.5 -1 -1 0 0.7
20 100 3.5 1.6 0.5 0.4 0 -0.5 -0.9 -0.9 -0.3 0.5
21 125 3.2 1.8 0.6 0.4 0| -05] -09( -08] -05 0.4
22 160 2.8 1.5 0.6 0.3 0 -0.6 -0.8 -0.5 -0.6 0.7
23 200 2.6 15 0.5 0.2 0| -06| -08( -04]| -05 0.8
24 250 2.4 14 0.4 0 0 -0.4 -0.7 -0.4 -0.2 1
25 315 2.3 1.3 0.3 0 0| -04] -06( -05 0 0.9
26 400 2.2 1 0.2 0 0 -0.4 -0.5 -0.6 0 1
27 500 1.8 0.8 0 0 0| -03] -04( -05 0 1
28 630 1.5 0.6 0 0 -0.2 -0.4 -0.4 0 1.1
29 800 14 0.5 0 0 0| -02 ]| -04( -03 0 1
30 1000 1.3 0.4 0 0 0 -0.2 -0.3 -0.4 0 1
31 1250 1 0.3 0 0 0 -0.2 -0.3 -0.4 0 0.9
32 1600 0.8 0.2 0 0 0 0| -03] -04 0 0.9
33 2000 0.7 0.2 0 0 0 0 -0.3 -0.3 0 0.9
34 2500 0.6 0 0 0 0 0 0| -02 0 1
35 3150 0.5 0 0 0 0 0 0 -0.2 0 1
36 4000 04 0 0 0 0 0| -02| -03 0 0.9
37 5000 0.3 0 0 0 0 0 -0.2 -0.3 0 0.8
38 6300 0 0 0 0 0 0 0] -03 0 0.5
39 8000 0.2 0.3 0 0 0 0 -0.3 -0.4 -0.3 0.2
40 | 10000 0.2 0.5 0.2 0 0 0 0| -05]| -04 0
41 12500 0.4 0.7 0.3 0 0 0 -0.3 -0.6 -0.7 -0.7
42 16000 0.7 1 0.3 0.2 0 0 -0.5 -0.8 -0.9 -1.1
43 | 20000 1.3 1.3 0.4 0.3 02| -02| -06{| -09] -12] -18
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Figure 41: Kulite transducer non-flush frequency response (H=13.8 km, M=1.5).

Figure 42: Kulite transducer non-flush frequency response (H=16.8 km, M=2.0).
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Appendix A Aircraft Drawings
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Figure 44: Tu-144 elevation drawing.

s
=
. >
e
ﬁﬁ

Figure 45: Tu-144 planform drawing.
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Figure 46: Tu-144 front-view drawing.
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Appendix B Transducer Specification Sheets
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26

HIGH SENSITIVITY

HIGH SENSITIVITY IS

PRESSURE TRANSDUCERS

XCS-190 SERIES HIGH IMPEDANCE
XCW-180 SERIES LOW IMPEDANCE

* High Qutput
» High Natural Frequency

CAICROTECH BRAND
CONNECTOR

rq./ — 10
030 0.0 ANNEALED 55

REFERENCE TUBE FOR
PSIG & PSID UNITS

0 75 NOM OR
—-D] 7 — 437 NOM
‘ SHRINK TUBING. 10.32 UNF-24
! At i
4 CONDUCTOR XL
SHIELDED CABLE ORING (167 1D. » 040 C5.5 4% SCREEN STANDARD

32 AWG 0 LONG

MODUE  Foop 350°F SERVICE

TEMP COMP £oR 2500F SERVICE BUNAN (BLACK!

SILICONE (RED)

11008 MOLES ON QI CENTERS|

OFTIONAL
"o st

NOT AVAILABLE ON DIFFERENTIAL UNIT CONSULT FACTORY FOR SPECS. ON SEALED GAGE
INPUT XCS XCw
Pressure Range 5 15 PSI 5 15 PSI
Operational Mode Absolute, Gage, Sealed Gage, Differential
Over Pressure 15 45 PS| 15 45 PSI
Burst Pressure 5 Times Rated Pressure
Pressure Media Ali Nonconductive, Noncorrosive Liquids or Gases
Rated Electrical Excitation 15 VDCIAC
Maximuym Electrical Excitation 20 VDCIAC
Input Impedance 1200 Ohms (Min.) 1200 Ohms {Min) 800 Ohms {Min.) 800 Ohms {Min.)
OuUTPUT
Output Impedance 1000 Ohms (Nom) 1000 Ohms (Nom.} 1000 Ohms {Nom.) 1000 Ghm (Nom.)
Full Scale Output (FSO) 150 mv (Nom.) 200 mv (Nom.) 100 mV {Nom.) 200 mv (Nom.)
Residual Unbalance +5% FSO
Combined Non-Linearsity

And Hysteresis +0.3% FS BFSL {Max.}
Hysteresis 0.1% (Typ.)
Repeatability 0.1% (Typ)
Resolution Infinite
Natural Frequency (KHz) 100 150 100 150
Acceleration Sensitivity % FS/g
Petpendicular 005 002 .005 002
Transverse 0005 0002 0005 0002

Insulation Resistance

100 Megohm Min. at 50 vDC

ENVIRONMENTAL
Operating Temperature Range

~B5F to 250°F {-55°C to 120°) Temperatures to 350°F {175°C) Available on Special Order

Compensated Temperature Range

80°F 1o 180°F (25°C to B0°C} Any 100°F Range Within The Operating Range on Request

Thermal Zero Shift

2% FSHO0F (Typ)

Thermal Sensitivity Shift

+ 2%M00°F (Typ)

Steady Acceleration

10,000g. (Max.)

Linear Vibration

0-2,000 Mz Sine, 100g. Max.

PHYSICAL
Electrical Connection 4 Conductor 32 AWG Shielded Cable 24" kong
Weight 5 Grams (Nom.) Excluding Module and Leads

Sensing Principie

Fulty Active Four Arm Wheatstone Bridge Diffused Into Siicon Diaphragm

Mounting Torque

15 inch-Pounds (Max.)

These units are available with metvic size threads. Std. Melric Thread M5 x .8 XT67M-190

0On special order M5 x .5 XTIM-190

KULHTE SEMICONDUCTOR PHODUCTS INC. « One Willow Tiee Road = Leonia, New Jersay 07605 = Tel: 201 4610900 » Cabie. Kuitung = Teioc 685 9200 + Faa 200 4610980

Figure 47: Kulite transducer XCS-190-15D specification sheet.
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Figure 48: Accelerometer specification sheet.
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Appendix C  Electrical Drawings
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Figure 49: Wiring schematic for the power control system.

C-2



e

ATy SITOSTT
UL UiglrLQ

fn

o

i
™
1

!
L]
n

1]
[ 1]
a

v
1

CURVERTER
115V, ADCHZ

COOL ING FANS

NQISE: 0.02% OR S5mV rms
WHICHEVER IS GREATER

LEGEND:

a— ;\ CIACUIT BREAKER
_s T &5 mELAY

—O_ SWITCH

SIX THANNEL
KULITE SIGNAL
CONOITIONING

SIX CHANNEL
KULITE SIGNAL
CONOITIONING

1zm;<c
3

MODEL W2BO0S.0Q
PWR LINEAR
CONVERTER

11SVAC 4QCHZ

13 CHANNEL
KULITE SIGNAL
CONDITIONING

N

-]

SIX ENOEVCO
ACCEL . SIGNAL
CONDITIONING

Figure 50: Wiring schematic for the power distribution system.

TIME COOE READER

22 NOV 1995
REVISION F
DA%. &2 Tu-PERDOL



Appendix D Ground Runup Procedures

MocnepoBaTenbHOCTb FOHOK ABYratesien ¢ Cpok Pexum Sequence of Engine Ground Run-ups for
uesibio U3MepeHUusa LUYMOB B KaOuHe un Duration Conditi Measuring Cabin Noise and Sonic Load on
3BYKOBOW Harpy3ku Ha oOLIMBKY dlosenska on Fuselage Skin

1. lNooyepenHo 3anyctutb gguratenu 1,2,3,4 =10 min . Start engines 1, 2, 3, and 4 in order,
BMECTEe C UX reHeparopamm together with their generators

2. BknoynTtb cuctemMy KOHOMULMOHUPOBAHUS 2. Turn on air conditioning system
BO34yXxa

3. [lporHatb BCce gBurartenu B pexvmMme masoro 5 min G1 3. Operate all engines in idle state (Experiment
raza (Ona skcnepumeHTta 2.1 gaHHble 2.1 takes data on bank A, and then on bank
3anncbIBalOTCAd Ha CTOPOHe A, a 3aTeM Ha B)
CTOpoHe B)

4. BbIKNOYUTb CUCTEMY KOHONLMOHNPOBAHUS 4. Turn off air conditioning system
BO34yXxa

5. lporHaTb BCe Auratenu B pexmmMme Masnoro 5 min G2 5. Operate all engines in idle state (Experiment
raza ([dns akcnepumeHTta 2.1 gaHHble 2.1 takes data on bank A, and then on bank
3anncbIBalOTCHd Ha CTOPOHe A, a 3aTeM Ha B)
CTOpoHe B)

6. lNporHaTte gBuratenu 1,2,4 B pexmmMme Manoro 6. Operate engines 1, 2, and 4 in idle state.
rasa. Jpurartenb 3 nporpeBaeTcs. Engine 3 warms up

7. pguratenu 1,2,4 paboTtaloT B pexmmMme Manoro 5 min G3 7. Engines 1,2,4 idling. Engine 3 at a=72%
rasa. [puratenb 3 pabotaet npn a=72%. (Experiment 2.1 takes data on bank A, and
(Onsa skcnepumMeHTa 2.1 gaHHbIE then on bank B). a is throttle lever deflection
3anncbIBalOTCA Ha CTOPOHe A, a 3aTeM Ha angle
CTOpoHe B) a - yron oTkJ/IOHEHWEe pblyara
YNPBAEHUSA THATN.

8. mBuratenn 1,2,4 paboTaloT B pexumMme Manoro 20 sec G4 8. Engines 1,2,4 idling. Engine 3 at a=98%

rasa. [puratenb 3 pabortaet npu a=98%. (ana
akcnepumeHTa 2.1 HacTpamBalTCca Npuoopbl
CO CTOPOHbI A)

(Experiment 2.1 adjusts instruments on bank
A)




MocnepoBaTtenbHOCTb FOHOK ABYyratesieu ¢ Cpok Pexum Sequence of Engine Ground Run-ups for
uesibio U3MepeHusa LUYMOB B KaOuHe n Duration Conditi Measuring Cabin Noise and Sonic Load on
3BYKOBOW Harpys3Kku Ha oOwmBKy ¢losengaxa on Fuselage Skin

9. puratenu 1,2,4 paboTtaloT B pexmme Manoro 30 sec 9. Engines 1,2,4 idling. Engine 3 at a=72%
rasa. [puratenb 3 pabortaet npn a=72%.

10.aBuratenn 1,2,4 paboTaloT B pexmmMme Masoro 20 sec G4 10.Engines 1,2,4 idling. Engine 3 at a=98%
rasa. [jsuratens 3 pabotaeT npn a=98%. (B (Experiment 2.1 takes data on bank A)
aKcnepumMeHTe 2.1 3anMcbiBalOTCS AaHHbIE HA
CTOpoHe A)

11.aBuratenn 1,2,4 pabotaloT B pexvme Manoro 30 sec 11.Engines 1,2,4 idling. Engine 3 at a=72%
rasa. [isurarenb 3 pabortaet npu a=72%.

12.aBuratenn 1,2,4 pabotaloT B pexvme Manoro 20 sec G4 12.Engines 1,2,4 idling. Engine 3 at a=98%
rasa. [jsuratenb 3 pabotaet npu a=98%. (ans (Experiment 2.1 adjusts instruments on bank
akcnepumeHTa 2.1 HacTpamBalTCca Npuoopbl B)
CO CTOPOHbI B)

13.aBuratenn 1,2,4 pabotaloT B pexume Manoro 30 sec 13.Engines 1,2,4 idling. Engine 3 at a=72%
rasa. Apuratensb 3 pabotaet npn a=72%.

14.auratenn 1,2,4 pabotaloT B pexvmMme Manoro 20 sec G4 14.Engines 1,2,4 idling. Engine 3 at a=98%
rasa. [jsurarenb 3 pabotaet npn a=98%. (B (Experiment 2.1 takes data on bank B)
akcnepumeHTe 2.1 3annucbiBalOTCA AaHHbIE Ha
CTOpOHe B)

15.lBuraresnb 3 nepeBecT Ha pexum Mabiv ras 15.Reduce engine 3 to idle

16.MporHate apuratenn 1,2,3 B pexume Manoro 16.0perate engines 1, 2, and 3 in idle state.
rasa. Jlsuratens 4 nporpesaeTcy. Engine 4 warms up

17.aBuratenn 1,2,3 paboTaloT B pexvme mManoro 5 min G5 17.Engines 1,2,3 idling. Engine 4 at a=72%
raza. [lBuratens 4 pabotaet npu a=72%. (Experiment 2.1 takes data on bank A, and
(Odnsa skcnepumeHTa 2.1 gaHHbIe then on bank B).
3anncbIBalOTCA Ha CTOPOHE A, a 3aTeM Ha
CTOpoHe B)

18.aBuratenn 1,2,3 paboTaloT B pexvmMe mManoro 20 sec G6 18.Engines 1,2,3 idling. Engine 4 at a=98%




MocnepoBaTtenbHOCTb FOHOK ABYyratesieu ¢ Cpok Pexum Sequence of Engine Ground Run-ups for
uesibio U3MepeHusa LUYMOB B KaOuHe n Duration Conditi Measuring Cabin Noise and Sonic Load on
3BYKOBOW Harpys3Kku Ha oOwmBKy ¢losengaxa on Fuselage Skin

rasa. [suratensb 4 pabortaet npu a=98%. (ans (Experiment 2.1 adjusts instruments on bank
aKcnepumeHTa 2.1 HacTpauBalTcs Npudopsbl A)
CO CTOpPOHbI A)

19.aBuratenn 1,2,3 paboTaloT B pexvmMe Manoro 30 sec 19.Engines 1,2,3 idling. Engine 4 at a=72%
raza. [lBuratenb 4 pabotaet npu a=72%

20.aBuratenn 1,2,3 padboTaloT B pexume mManoro 20 sec G6 20.Engines 1,2,3 idling. Engine 4 at a=98%
rasa. [jsurarenb 4 pabotaet npu a=98%. (B (Experiment 2.1 takes data on bank A)
aKcnepumMeHTe 2.1 3anmcbiBalOTCS AaHHbIE HA
CTOpOHe A)

21.aBuratenn 1,2,3 paboTaloT B pexvumMe mManoro 30 sec 21.Engines 1,2,3 idling. Engine 4 at a=72%
rasa. Apuratens 4 pabortaet npu a=72%.

22.aBuratenn 1,2,3 paboTaloT B pexumMe mManoro 20 sec G6 22.Engines 1,2,3 idling. Engine 4 at a=98%
rasa. [lsuratenb 4 pabotaet npu a=98%. (ans (Experiment 2.1 adjusts instruments on bank
akcnepumeHTa 2.1 HacTpamBalTCca Npuoopbl B)
CO CTOPOHbI B)

23.aBuratenn 1,2,3 paboTaloT B pexume mManoro 30 sec 23.Engines 1,2,3 idling. Engine 4 at a=72%
rasa. Apuratens 4 pabortaet npu a=72%.

24.nuratenn 1,2,3 paboTaloT B pexvumMe mManoro 20 sec G6 24 .Engines 1,2,3 idling. Engine 4 at a0=98%

rasa. [guratensb 4 pabortaet npn a=98%. (B
aKcrnepumeHTe 2.1 3anncbIBalOTCA AaHHbIe Ha
CTOpOHe B)

(Experiment 2.1 takes data on bank B)

25.[lpuyrarens 4 nepeBecTn Ha PEXNM Masibli ra3

25.Reduce engine 4 to idle

MonHasa NpoaoMKNTENHOCTb PaboTbl OKONo 45
MUWHYT

Total duration approximately 45 minutes

Mpumeyanue: gguratenn 3 n 4 NCMNosb3yKTCA
MOTOMY, YTO OHM pPacnoJsioXeHe C NpaBo
CTOPOHbI, TaM Xe rae v gatymkm ong
akcnepumeHTa 2.1.

Note: Engines 3 and 4 are used because they
are on the right side which is the same side
where Experiment 2.1 transducers are mounted
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Appendix E  Reverberation Time Measurement Procedures

1. Turn on instrumentation as per usual procedures.
2. Set up the SD-380 for transient capture.
3. On the Metrum:

3.1. Recall TU-144 MIC CAL setup.
3.2. Put Data Channel Multiplexer on bank B.

3.3. Press INPUT CHAN setup key and enter at TEST NAME (e.g. Reverb Test) by pressing
TEST NAME softkey and typing name using keypad.

3.4. Perform a microphone calibration as per usual procedures.

3.5. Increase sampling rate to 160 Ksamples/second/channel for all microphone channels to
better capture the waveform.

3.6. For each test condition:
3.6.1. Enable only desired microphone channels (23-30), disable others.
3.6.2. Set monitor channels:

3.6.2.1. Press OUTPUT CHAN setup key and set microphone closest to noise
source as monitor channel 1 (channel A on SD-380). (NOTE: Trigger
for SD-380 must come on channel A.)

3.6.2.2. Optionally set up monitor channel 2 (channel B on SD-380) as another
microphone.

3.6.3. Set channel input range(s) to +10V for initial recording.

3.6.4. Press SPEED transport key and ENABLE REC READY softkey to get Metrum
ready for acquisition.

3.6.5. Press BAR display key, PEAK HOLD softkey and OVERRANGE CLEAR
display key. Press RECORD/PLAY to start acquisition.

3.6.6.  When recording starts, give a visual signal that it is OK to fire a blank.
3.6.7. After a couple of seconds following the shot, press STOP.
3.6.8. Enter beginning and ending block number on data sheet.

3.6.9. Look at Overrange Indicator display light to see if any channels overranged.
Check out peak on bar display of Metrum. (*) sign indicates the overranged
channel(s).

3.6.10. Play back the recorded signal from the Metrum to the SD-380 to verify signal
quality.

3.6.10.1.1f there any signs of signal clipping or the signal is very low, manually
adjust Metrum input range(s) accordingly. (Note: Make sure signal
clipping or low signal level not due to input settings of SD-380, which
can also clip or make the signal from the Metrum appear small.)



3.6.10.2.The play-back speed on the Metrum can be slowed down to better see
the captured waveform on the SD-380. This has the effect of changing
the time base.

3.6.11. Repeat steps 3.6.4 — 3.6.10 until data is properly recorded on all channels with no
clipping or signals too small.
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Detailed Flight Operational Procedures
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa
0. BeepeHue

TU-144LL Experiment 2.1 Test Procedures
0. Introduction

Pepaktop, KoTopbii OygeT MCNOMb30BaTbCd BCEMW CTOPOHAMMU
ONs OaHHOro npoueaypHoro gokymeHta 6yaet - Microsoft Word
Bepcus 6 ans IBM coBMeCTUMbIX MepPCOHasbHbIX KOMIMbIOTEPOB.

CtpaHuua ddopmupyetca kak “Landscape” (ropu3oHTanbHO,
TEKCT pacnosfioxXeH napannefnbHo OJIMHHOW CTOPOHE CTPaHuLbl).
JleBasi 4HacTb Ha PYCCKOM $3blKe, npaBad Ha aHrIMNCKOM.

Bce TekcTbl npeacTtaBneHbl B BMAe Tabnuuy. 3To obneryaet
CUHXPOHU3AUMIO MPOXOXAEHUSA PYCCKOM U aHIIMUCKOW YacTten
TEeKCTOB BOOJIb CTPAHULLbI.

Bce OOoKOBble nonsa n ropun30oHTasibHas pasnMHoBKa
COOTBETCTBYIOT peasibHOMY MNO3TarnHOMY OMUCaHMIO Mpoueaypbl
ncnblTaHWn.  [na MNOsCHEHMI W 3arofloBKOB  HAaHOCUTCH
LeHTpaNnbHas pasgenutesnibHas JIMHUS.

B aHrnuinckom M PYCCKOWM 4YacTM WUCNONb3yeTcsd
Pragmatica.

Pasmep wpundta gna tekcta 11 Toyek. [na 3aronoskoB - 12
TOYEK C BblOENEHUNEM.

LupuHa konoHkn “Otanbl” - 0,6 awonma (15,MM), KOMOHKMK
“Onucanmne” - 4,4 pworma (111,8mm, a konoHkn “OTMETOK O
BblNoSIHEHUU - ¥ ” - 0,6 glorma (15,2mm).

B maHHOM OOKYMEHTE COOEPXUTCS TOJIbKO TEKCTOBOW MaTepuan
(6e3 rpaduvkoB wuam mn3obpaxeHuii). BO3MOXHbI CCbUIKM Ha
4epTeXKn/N300paxXeHN/PUCYHKN. S MaTtepuarbl oyayT
cobupaTbCs B OTOENbHYIO NOAOOPKY.

“OpHOCTOPOHHME MaTepuanbl” npu KOMMpPOBaHUM O0J1KHA
MCMNOJIb30BaTLCH NINLLL OA4HA CTOPOHA CTPaHULbI.

Monsa BbICTABNAIOTCA B 3aBUCUMMOCTM OT  UCMOMb3YyeEMOro
dopmaTta Oymarm - amepukaHcKoro unm esponeinckoro. Ans
COXpPaHeHUs1 pPasMepHOCTM U MPOMNOPLUMOHANIbBHOCTU TekcTa C
TabnuuamMm MCNoNb30BaThb cneaylme rnons:

wpnoT

CtpaHunua
PROC144K.DOC

The word processor to be used by all parties for this procedures
document is Microsoft Word Version 6 for an IBM-compatible
personal computer.

The page orientation is ’Landscape’ (text runs parallel to the
longer side of the sheet). The left half is in Russian, the right half
is in English.

All text is organized as word processor tables. This makes it easy
to keep Russian and English text synchronized across the pages.

All borders and rulings are visible for actual test procedure step
descriptions. Only a center dividing line is visible for explanatory
text and headings.

The font on the English and Russian side is Pragmatica.

The font size for descriptive text is 11 points. For headings it is
12 points and bold.

The width for the 'Step’ column is 0.6 inches (15.2 mm); the
width of the 'Description’ column is 4.4 inches (111.8 mm). The
width of the checkmark column is 0.6 inches (15.2 mm).

This document contains only text (no graphics or pictures).
Drawings/sketches/pictures can be referred to; they will be
collected in a separate binder.

'Single sided’: When making copies, only one side of each sheet
of paper is used.

The margins depend on whether US or European sheet sizes are
used. In order to keep the size and proportions of the text and
tables the same the following margins should be used:

F-2 Page
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0. BeepeHue

bymara ¢popmata A-4 (297x210mm=11,69x8,27at0nma)
BEpPX: 19,05mm (0,75a10MMMma)
HU3: 14,15mm (0,56 aonma)
neso-npaso: 21,5mm (0,85 arorima)

bymara ¢popmata 8,5x11 aonmos (215,9x279,4 Mm)
BepX: 0,75a10Mma (19,05Mm)
HN3: 0,75a10mma (19,05 mm)
neso-npaso: 0,5a10nma (12,7 Mm)

Mpn wmn3meHeHnn dopmata 6OGymarm yCTaHOBUTb
COOTBETCTBUU C BbILLENPUBEAEHHON Pa3MePHOCTLIO!

3ameyaHus no rnoeoay CJoB, Bbl€JIeHHbIX  HakKJ/IOHHbIM
LUpl/I(pTOMZ STUM LIJpI/IC])TOM HareyataHbl C/oBa, KOTOpPble B
PYyCCKOM TeKCTe O0JIKHbI ObITb COXpaHeHbl NaTUHCKNMUA 6yKBaMl/I,
Tak Kak OHM 0603Ha4YalT METKMN Ha O60pyﬂ,OBaHI/lI/l.

nonda B

OTOT [OOKYMEHT "3awMmilleH OT peBu3nin™: pns nPEUHATNA"
peBn3nn TpebyeTcs naponb. [ng KoHTpond npouecca
obHOBNEHUS JOKYMeHTa 9TOT naposlb N3BEeCTEH TOJIbKO

KOopAMHATOPY aKCcnepumMmeHTa C aMepMKaHCKOIZ CTOPOHDbI.

CtpaHuua
PROC144K.DOC

TU-144LL Experiment 2.1 Test Procedures
0. Introduction

For sheet size A4 (297 x 210 mm = 11.69 x 8.27 inches):
Top: 19.05 mm (0.75 inches)
Bottom: 14.15 mm (0.56 inches)
Left and right: 21.5 mm (0.85 inches)

For sheet size 8.5x11 inches (215.9 x 279.4 mm):
Top: 0.75 inches (19.05 mm)
Bottom: 0.75 inches (19.05 mm)

Left and right: 0.5 inches (12.7 mm)

When you change paper size adjust the margins according to
above measurements!

Meaning of italicized words: they refer to English words that
must be copied to the Russian text verbatim without translation
because they appear as labels on the instrumentation.

The document is ‘protected for revisions’: a password is
required to ‘accept’ revisions. In order to control the updating
process this password is only known to the experiment
coordinator of the US Team.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa
0. BeepeHue

PEBU3NN STOIMO AOAOKYMEHTA

(1) Cpenanite konuid KoMMbOTEPHOro ddanna,
nepecmarpuBaerte.

(2) TlMpuceorite 3TOM KOMUWM HOBOE WUMSA NYyTEM U3MEHEeHUs
nocnegHemn OyKBbI, Hanpumep, PROC144A.DOC Ha
PROC144B.DOC

(3) Otkporite HoBbIn ¢ann B MS WORD 6. Ecan HyxHO,
HaxmMmuTe knasuwy “"Cancel” B aHanoroBom okHe "Unprotect

KOTOPbLIA  Bbl

Document” (He3awMlleHHbIM OOKYMEHT), Korga Yy Bac
cnpawmsatoT naponb.dTa OCOBEHHOCTb yrpasneHus
pas3pewaeTcad TOMbKO  KOOPAMHATOPY  9SKCNEepPUMEHTA,YTOObI

"NpuHATL" peBu3unto. OTMETUM, 4YTO 3TO AMANIOFOBOE OKHO MOXET
nosiBUTbCA 0OoNflee O0OHOro pasa, Koraa OTKPbIBAaeTcss 3TOT
DOKyMeHT. Npoagomkute Bxog Haxas "Cancel”.

(4) OBHoBMTE HasBaHue darna u gaTty nocnegHen pesvm3nun B
noA3arosioBKax KaXxaom cekumm OOKYMeHTa.

(5) Mepepn, Tem kak genatb Kakne-nubo nameHeHus, ybeautecob B
TOM, 4TO:
- @naxok npoBepeH (BK/IOYEHHbIM) clefylowmn  3a
‘NameHeHns MeTku(ykasatens) MNpu PegaktnposaHun’ (‘Mark
Revisions While Editing’) B ©6noke pguanora Revisions
MHCTpyMeHTanbHbIX CPeaCTB MEHI0

- nop, Tabnuuen "Revisions"u3 guanorosoro okHa "Options”B
MEHIO "Tools"BcTaBnsaemblin TEKCT oTMe4yaeTcH
noavyepkuBaHNEM, NCKto4aeMbINn TeKCcT oTmMeyaeTcd
nepeyepkMBaHMEM " JIMHUN PEBU3UN HaAXOOATCS Ha NEBOW
rpaHnue nucta.Kpome TOro, UBET, KOTOPbLIM MOKa3biBAOTCS
Ha o9KpaHe peBuU3nK, onpegensetr asTopa BHECEHHbIX
N3MEHEHUN

(6) Ecnn Bbl coenann paboTy No nepeBofy OOKYMEHTa, MPOCTO
nob6aBbTe HOBbIN TEKCT N Yepe3 Word 6. OTMETbTE N3MEHEHUS

CtpaHunua
PROC144K.DOC

TU-144LL Experiment 2.1 Test Procedures
0. Introduction

REVISIONS TO THIS DOCUMENT:
(1) Make a copy of the computer file you are revising.

(2) Give the copy a new name by incrementing the last letter; for
example, PROC144A.DOC becomes PROC144B.DOC.

(3) Open the new file
‘Cancel’ button on the
asked for the password.
Coordinator to ‘accept’
appear more than once when opening the document.
to enter ‘Cancel’.

in MS Word 6. If required, press the
‘Unprotect Document’ dialog box when
This feature allows only the Experiment
revisions. Note that this dialog box may
Continue

(4) Update the filename and date of last revision in the footers
of each section of the document.

(9) Before making any changes be sure that:

- the check box is checked (turned on) next to ‘Mark Revisions While
Editing’ in the Revisions dialog box of the Tools drop-down menu.

- onthe ‘Revisions’ tab of the ‘Options..."” diaog box of the ‘Tools
drop-down menu, inserted text is marked by underlines, deleted text is
marked by strikethroughs, and revised lines are marked on the left
border. Also, the color by which revisions are shown on the screen
should be ‘ Author’ for insertions and deletions; this will help track
which organization made changes to the document.

(6) If you are doing translation work on the document, simply
add the new text and allow Word 6 to mark the changes.
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0. BeBepeHue

TU-144LL Experiment 2.1 Test Procedures
0. Introduction

OTMETKA O PEBMN3NUA

REVISION RECORD

JaTta [MpoucxoxaeHne pesmsnmn Date Nature of Revision
1997/04/04 |B oTBeT Ha dakc oT AHTK um.A.H.Tyrnonesa ot 24|1997/04/04 |In response to fax from Tupolev of 1996 May 24
mas 1996r.(BO-TU-353 ot 28 masg 1996r.) (BO-TU-353 of 1996 May 28)
1997/09/27 |MNocne noesgkn B Mocksy Mionga-Asrycta 1997/09/27 |After the July/August trip of the Experiment 2.1 US
aMepuKaHCKNX cneunanmcTtoB dkunepumenTa 2.1 - Team to Moscow -> PROC144J.DOC
> PROC144J4.D0OC
1997/10/19 |-> PROC144K.DOC 1997/10/19 |Added section 3.2.16 at the request of Tupolev

operator -> PROC144K.DOC

CtpaHunua

PROC144K.DOC
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

0. BeepeHue 0. Introduction
CokpalueHus ABBREVIATIONS
AC [MepemMeHHbIN TOK AC Alternating Current
APU BCY APU Auxiliary Power Unit
B&K Bpronb n Keep B&K Bruel & Kjaer
CHAN KaHan CHAN Channel
dB 16 dB Decibel(s)
DC [MOCTOSAHHLIN TOK DC Direct Current
DECR YMeHbLIEHVEe DECR Decrement
ECS CKB (cmcTema KOHAMUMPOBaHUS BO3ayXa) ECS Environmental Control System (air conditioning)
Hz Iy, Hz Hertz
INCR YBenuyeHne INCR Increment
IRIG-B Kon Bpemenn IRIG IRIG-B (an electronic interface/communications standard)
kHz Ky, kHz Kilo Hertz
K3A INSTRUMENTATION
MIC CAL Kannbposka mukpodoHa MIC CAL Microphone Calibration
MSL OTHOCUTENBHO YPOBHS MOPS MSL Mean Sea Level (altitude above)
REC 3anncb, MarHMTodoH REC Recorder, recording
REW lMepemoTka Ha3apg REW Rewind
VDC BosibT, NOCTOSAHHBIN TOK VDC Volts of Direct Current
CtpaHunua F-6 Page
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0. BeBepeHue

OrnaBneHne
Cexuus OnucaHne
1. MpepnonetHble Onepauun (Npoueaypbl)
1.0 MpnmeyaHue
1.1 lMpoBepka
1.2 BknioyeHne anekTponutaHua aTaxepku
1.3 Mpoeepka K3A
1.4 Mpoeepka METRUM ronocom
1.5 KannbpoBka MMKPODOHOB
1.6 Mepexon C Ha3eMHOoro nuTaHusa Ha
BCNoMoraTtenbHbli 6510k NnnTaHmnsa BCY

2. Hdenctena nepen B3NeTom
2.0 MpnmeyaHne
2.1 [NpuHATNE pelueHna neTeTb/He NeTeTb
2.2 Mepeknioyenme nutanma ¢ BCY Ha reHepartop
2.3 lMpoBepka roslocoBOM CBA3M C KabMHOW 1 Npukpen

JNIeHne rosiocoBoro MMKpogoHa marHmtogpoHa METRUM
2.4 HazemHble namepeHunsa (Pexunm ncnoitaHuin #1)
2.5 HazeMHble namepeHus (Pexunm ncrnoltaHnin #2)
2.6 HasemHble namepeHus (Pexumnm ncnoitaHnin #3-5)
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

MpumeuyaHue: 1.0 Note

PaboTbl no cekuyam ¢ 1. no 1.6 BKAOYUTENbHO The work in sections 1. through 1.6, inclusive, will be

BbINOJNIHAKOTCA aMepUKaHCKUMU crieuyanncTamm performed by the US Team with the support of Tupolev

CcoBMeCTHO co cneuunannctamm AHTK um. A.H.Tynonesa. personnel.

NMpoBepka 1.1 Inspection

OnucaHue 9tan | v(1) |Description

MpoBepuTb Haanexatlee kpeneHne ataxepkn K3A k 1.1.1 Verify instrumentation pallet is properly anchored to the

nony. floor.

MpoBepuTb aTaxepky K3A Ha o4eBUOHbIE MEXAHMYECKME 1.1.2 Inspect instrumentation pallet for any obvious

nospexaeHns. O6 obHapyXeHHbIX NOBPEXAEHMAX mechanical damage. Bring any damage to the

HEMeAJIEHHO COOOLWNTbL OTBETCTBEHHOMY 32 attention of the Experiment 2.1 test director

aKcnepumeHT 2.1. immediately.

Ybeantbes, 4TO Bepx ataxepkn K3A ceoboaeH ang 1.1.3 Verify instrumentation pallet top is free to expel cooling

BbIMNyCKa OXJlaxaamLwero Bo3ayxa, a HU3 3Taxepku He air and bottom of instrumentation pallet is unobstructed

3arpomMoXaeH ona gocTyna oxnaxgawLllero Bo3ayxa. to take in cooling air.

MpoBepuTb NpUCOeaNHEHME BHELLHUX Kabenen 1.1.4 Verify external (Tupolev supplied) cables are connected

(NOCTOSAHHOrO TOKa, NePeMeHHOro Toka, koga BpeMeHu to instrumentation pallet: AC power, DC power, IRIG-B

IRIG-B / npepoctaBnsiotca AHTK) k aTaxepke K3A. Time Code.

MpoBepuTb HannuMe pacxodHbIX MaTtepuanos: (6) kaccet | 1.1.5 Verify the following supplies are available:

C 4MCTOW 3aNMCHIBAIOLLE MIIEHKO (KaXAas 13 HUX (6) cassettes of blank recording tape (each labelled with

NMPOHYMepoBaHa UHANBNAYAJIbHLIM UOEHTUDUKALUMOHHBLIM a unique identification number), note paper,

Homepowm), Gymara s 3amMeTok, py4ku, kapaHaawm, 10 pens/pencils, 10 blank data sheets to record settings

YUCTLIX JINCTKOB TEXHUYECKNX OAHHbIX OJ151 3arnncum during data acquisition.

rnokasaHu Nnpu NoJsly4eHUn AaHHbIX. PacxoaHble . .

MaTepuanbl XpaHUTb B ALLMKAX STaXepK. Store supplies in instrumentation pallet drawers.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

NMpoBepka 1.1 Inspection
OnucaHue dtan | v(1) |Description
Y6epunTbcs, 4TO NPUOOPbLI HAa 3TaXepKe Kak cneayer 1.1.6 Verify instruments in the pallet are properly mounted
3akpenneHbl (He 6onTaloTcs). YoeanTbes, YTO BHYTPU (nothing loose). Verify that no foreign objects are inside
STaXepPKn OTCYTCTBYIOT MOCTOPOHHME NMpegMeThl U OHU or are touching the instrumentation pallet.
He conpukKacaroTCs C 3TaXEPKOMN.
[MpoBepuTb CUCTEMY MUKPODOHOB. 1.1.7 Inspect the microphone subsystem:
MpoBepuTb Ha aTaxepke BCe yOMHUTENbHbIE Kabenu 1.1.7.1 Inspect all microphone extension cables at the pallet.
MUKPOGOHOB. YOeanTbCs, YTO OHM HEe MOBPEXAEHbI U Verify all are secure and free from damage.
3aKpeneHobl.
MpoBepuTb BCE yaAMHUTENbHbIE Kabenn MMKPOPOHOB 1.1.7.2 Inspect all microphone extension cables between pallet
MeXAay aTaxXepkowr n npenycunutensamMmm MUKPogpOHOB. and microphone preamplifiers. Verify all are properly
Yb6eanTbcs, 4TO OHM NPaBUJIbHO YNOXEHbI N 3aKPENEHbI, laid and strapped down and are free of breaks or
a pa3pbiBbl 1 HEOObIYHbIE N3rMObI OTCYTCTBYIOT. unusual kinks. Verify connections between extension
[NMpoBepuTb coeanHeHnsa Mmexay YannHUTENbHbIMUN cables and inspect plastic tubing that covers these
KabensamMm n CoCTosiHME NnacTMacCcoBbIX TPYOOK, connections
MOKPbLIBAKOLLNX 3TV COEOUHEHUS.
[MpoBepuTb NPaBUILHOCTL YCTAHOBKW npenycunntenen 1.1.7.3 Verify all microphone preamplifiers are properly
MUKPODOHOB. YoeanTtbcs, 4TO MUKPOPDOH B KabuHe mounted. Verify the cockpit microphone is close to
pacrnofioXeH JOCTAaTO4HO BM3KO K yXy NMAoTa, HO He pilot’s ear but does not disturb the pilot.
MeLlaeT emy.
Yb6eanTtbcs, 4TO BCE MUKPODOHbI HAAEXHO 1.1.7.4 Verify all microphone cartridges are securely connected
noacoeanHeHbl K npeaycunntenaMm MmMkKpogpoHOB. to the microphone preampilifier.
[MpoBepuTbL NOACUCTEMY aKCENEepPOMETPOB. 1.1.8 Inspect the accelerometer subsystem:
lMpoBepuTb BCe MecTa KabesbHbIX CTbIKOBOK Ha 1.1.8.1 Inspect all interface cable connections at the pallet.
aTaxepke. Y6eauTbCs, YTO OHU HaOEXHO 3aKPEneHbl 1 Verify all are secure and free from damage.
He NOBPEXOEHbI.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

MpoBepka 1.1 Inspection

OnucaHue 9tan | v(1) |Description

lMpoBepuTb BCE coeanHUTENbHbIE Kabenn Mexay 1.1.8.2 Inspect all interface cables between pallet and remote

3TaXepKor U ANCTaHUMOHHbIMK BoKkamum signal conditioning units. Verify all are properly laid and

npenBapuTenbHOro GOpMNMPOBaAHUA CUTHASOB. strapped down and are free of breaks or unusual kinks.

Yb6eanTbcs, 4TO BCE OHM NPABUJIbHO YNIOXEHbI 1

3aKkpeneHbl, a pa3pbiBbl 1 HEOObLIYHLIE U3TNObI

OTCYTCTBYIOT.

MpoBepuTb WecTb (6) 610k0B GOPMUPOBAHUS cUrHana 1.1.8.3 Inspect the six (6) remote accelerometer signal

akcenepomeTpa. YoeauTbecs, 4TO BJ10KN Haanexawimm conditioning units. Verify units are properly attached to

obpa3oM nNpuKpenneHbl K onopam. their supports.

MNpoBepnTb BCe MecTa coeanHeHuin kabenem 1.1.8.4 Inspect all interface cable connections at the remote

OVCTAHUMOHHbIX 6/10KOB pOPMUPOBAHUS CUIHANOB. signal conditioning units. Verify all are secure and free
from damage.

MpoBepuTb BCe KabesibHble COeANHEHNs [aT4MKOB Ha 1.1.8.5 Inspect all transducer cable connections at the remote

ONCTaHUMOHHbIX 6/10Kax GOpMUPOBaAHNS CUIHASOB. signal conditioning units. Verify all are secure and free

Y6eamTbCsl, 4HTO OHN HaOEeXHO 3akpenseHbl N He from damage.

NoBpEeXOeHbl.

lMpoBepuTb BCe Kabenn gaTinKoB Mexay 1.1.8.6 Inspect all transducer cables between the remote signal

AONCTaHUMOHHbIMN B6okammn GOPMMPOBAHUS CUFHANOB U conditioning units and the transducer. Verify all are

hatunkammn. Yoegmtbcs B NPaBUIbHOWM yKiagke u properly laid and strapped down and are free of breaks

3aKpenaieHnmn, OTCYTCTBUMN Pa3pbiBOB N HEOBbIYHbIX or unusual kinks.

N3rnbos..

MpoBepuTb Noacuctemy gatymkos aasneHus KULITE. 1.1.9 Inspect the Kulite pressure transducer subsystem:

lMpoBepuTb BCe coeanHEHUS Kabenem Ha aTaxXepke. 1.1.9.1 Inspect all interface cable connections at the pallet.

Y6enmTbCs B TOM, YTO OHW U30JIMPOBAHbI N He Verify all are secure and free from damage.

NoBpEeXOeHbl.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

1. NMpepnonetHas lNMpouepnypa 1. Pre-Flight Procedures
MpoBepka 1.1 Inspection
OnucaHue 9tan | v(1) |Description
lMpoBepuTb Bce Kabenn MHTepdencoB Mexay aTaxepkon | 1.1.9.2 Inspect all interface cables between pallet and remote
N ONCTAHUMOHHBIMU B10KaMn pOpPMUPOBAHUS CUMHANOB. signal conditioning units. Verify all are properly laid and
Y6enmTbCs B UX MPaBUbHONM yKNaake 1 3akpenieHnu, strapped down and are free of breaks or unusual kinks.
OTCYTCTBUM Pa3pPbIBOB U HEOObLIYHbLIX N3rNMOOB.
MpoBepuTb TpK (3) AUCTAHUMOHHbIX 6/10Ka 1.1.9.3 Inspect the three (3) remote Kulite signal conditioning
dopmmpoBaHus curHana KULITE. Y6eauTtbca B nx units. Verify units are properly attached to their
Hag/exawlem KpernaeHny K ornopam. supports.
MpoBepuTb BCe coeanHeHns KabenbHbIX MHTepdencoB Ha| 1.1.9.4 Inspect all interface cable connections at the remote
OVCTaHUMOHHbIX 6/10kax popMUPOBaHUS CUrHana. signal conditioning units. Verify all are secure and free
YbeanTbCs, YTO OHU 3aKPENJIEHbI N HE NMOBPEXAEHDI. from damage.
MpoBepuTb BCe coeanHeHs Kabenenm naTinkoB Ha 1.1.9.5 Inspect all transducer cable connections at the remote
ONCTaHUMOHHbIX 6/10Kax GOpMUPOBaAHNS CUIHASOB. signal conditioning units. Verify all are secure and free
Y6enunTbCcsl, 4HTO OHW 3aKPENJIEHbl U HE MOBPEXOEHDI. from damage.
lMpoBepuTb BCe Kabenu aaTynkoB Mmexay 6nokamu 1.1.9.6 Inspect all transducer cables between the remote signal
dOpPMMPOBAHNS CUIFHAJNOB U AATYMKOM. YOeamnTbCs B UX conditioning units and the transducer. Verify all are
NpPaBUIbHOW yKNagkKe n 3akpernneHnum, oTCyTCTBUN properly laid and strapped down and are free of breaks
pPa3pbIBOB N HEOObIYHbIX N3rMOOB. or unusual Kinks.
Y6epmTbCcs B TOM, 4TO TPYOKM KOMMeHcaumn pasneHma B | 1.1.9.7 Verify Kulite pressure transducer reference tubes that
kabuHe Ha AaTymkax AMHamu4deckoro gasneHus KULITE vent to aircraft interior are free from obstructions.
He 3acCopeHsl.
Ybeantbes, 4to aatumkm aasneHns KULITE 3akpennenbl B| 1.1.9.8 Verify Kulite pressure transducers are secured in
epxarensax. holders.
Ybeantbes, 4to aepxatenn KULITE 3akpenneHbl B 1.1.9.9 Verify Kulite holders are secure in window blanks.
danbwnNoMMHaTopax.
Y6enuTbCs, 4TO BCe BHELUHEE 3aLMTHOE NOKPbITUE 1.1.9. Verify all exterior protective covers have been removed
(kpblwkmn) cHaTo ¢ patyinkoB KULITE. (aTy onepauuio 10 from Kulite transducers. (This should be done prior to
cliegyet npoaenartb Ha KaHyHe OHA nosnerta). day of flight).
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

1. NMpepnonetHas lNMpouepnypa 1. Pre-Flight Procedures
NMpoBepka 1.1 Inspection
OnucaHue Aran | v(1) |Description
MpoBepuTb NOrogHble ycnoBus: ydoeamTbes, 4To gatumkm | 1.1.10 Check weather conditions: Verify Kulites will not get wet
KULITE He HamMOKHYT npu npobexke, B3NeTe 1 NnogbemMe during taxi, takeoff, and tropospheric climb.
B Tpornocodepe.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

BkiioyeHue aneKTponuTaHusa aTaXxepku 1.2 Turn on Electrical Power to Rack
OnucaHue drtan v Description
Y6epunTbcs, 4TO NTaHue nogaetcs k ataxepke K3A. 1.2.1 Verify power available to instrumentation pallet. SHIPS
3aroputcs xenTtbii naamkatop SHIPS 115V 400Hz (Box 115V 400 Hz amber indicator light is lit (BOX 101).
101), 3aroputcs 3eneHbln nHankatop SHIPS 27V DC SHIPS 27 VDC green indicator light is lit (BOX 101).
(Box 101).
YbeauTbcs, 4TO 3a4eNCTBOBAHbI (BAAB/EHbI) BCE 1.2.2 Verify all breakers engaged (pushed in) on BOX 101
Bblkto4aTtenu (nNpepbiBatenn Ha Box 101, 3a except those with white collars.
NCKJIIO4YEHNEM BbIKJlo4aTenen ¢ 6enbiM KobLEBbLIM
BbICTYMOM).
[MocTaBuTb KpacHbIN NpenoXpaHUTENbHbIN 1.2.3 Switch 7715V 400 Hz red switch guard and toggle switch
nepekmoyatens 115V 400Hz n Tym6nep B NonoxeHue to ON position on BOX 104.
ON Ha Box 104.
MocTaBUTb KpacHbIN NpegoxpaHnTENbHbIN 1.2.4 Switch SIGNAL ANALYZER POWER red switch guard and
nepekntovatens SIGNAL ANALYZER POWER n tymbnep B toggle switch to ON position on BOX 104.
nonoxeHne ON Ha Box 104.
MocTaBUTb KpacHbIN NpeaoxpaHnTENbHbIN 1.2.5 Switch 27 VDC red switch guard to ON position on BOX
nepeknoyvatens 27V DC B nonoxeHne ON Ha Box 104. 104.
Ona BknoyeHnsa nutaHmna ataxepkn K3A BbITAHYTbL BBEpPX | 1.2.6 Pull out and up on MASTER POWER toggle switch to ON
0o nonoxenus ON tymbnep MASTER POWER (Box 104). position to power-up instrumentation pallet (BOX 104).
Mo Tpem 3eneHbIM nHakaTopam npoBepuUTb rnoaayvy 1.2.7 Verify power on with three green lights; one for MASTER
nutanma. OanH- ana MASTER POWER, sBTopon - ana 27 POWER, one for 27 VDC, one for 115V 400 Hz (BOX
V DC (Box 104)u tpetin - 115V 400 Iw. 104).
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

BkiioyeHue aneKTponuTaHusa aTaXxepku 1.2 Turn on Electrical Power to Rack
OnucaxHue Sran v Description
Bknounte nutaHue mynetuniekcepa MmMKpPodpoHoOB 1.2.8 Turn on power to B&K microphone multiplexer (BOX
B&K(Box 203)/ OTKMHbTE BHU3 3ALUNTHYIO 203). Lower protective plastic cover and switch Power
NaacTMacCoBYIO KpbIlKy 1 Tymonep "Power” toggle switch to On (up) position. Red light will appear
nepeseaute B nonoxeHue "On" (Bepx). Kak Tonbko above On label when power has been supplied to the
nuTaHne 0yaeT noaBedeHo K 3ToMy 610Ky Had HaAMMCbio unit. Raise protective plastic cover. Spare multiplexer
"On" 3aroputbCs KpacHasa namnoyka. lNogHMMmnTe BBEPX (BOX 202) will be powered up in the same manner only
3aLlUUTHYIO N1aCcTMAcCOBYIO KPbIWKY. Ecnu if necessary. The power switch on Box 203 is normally
HeobxoaMmMo,To 3anacHor MmynbTunnekcep (BOX 202) left in the ON position
MOXET ObITb MOAK/IOYEH TAaKUM Xe 0Opa3om.
Bbikntouatenb Ha Box 203 06bIYHO OocTaeTcd B
nonoxexHunn ON.
MpoBepuTb paboTy oxnaxaaroLwmx BEHTUNATOPOB B 1.2.9 Verify cooling fans on top of pallet are running.
BepxHel 4yacTtu ataxepkn K3A.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

1. NpepnonetHas lNMpoueaypa 1. Pre-Flight Procedures
Mpoeepka K3A 1.3 Instrumentation Check
Onucaxnue Stan v Description
lMpoBepuTb Nogavy nutaHna Kk marintocpoHy METRUM 1.3.1 Verify power to METRUM recorder (BOX 207) and SD-
(Box 207) n anannsatopy cnektpa SD-380 (Box 105). 380 spectrum analyzer (BOX 105).
Tymbnep nutaHnsa Ha marintodoHe METRUM (BOX 207) The power switch on the METRUM recorder (BOX 207) is
06bIYHO HAaXOAUTCH B JIEBOM MONOXEHUN NPU normally left in the ON position. The METRUM is turned
Bkto4eHHOM nuTtaHum (ON). METRUM BknioyaeTcs m on and off using the 71715V 400 Hz power switch on BOX
BblK/toyaeTca nogadenn nutanma 115B 4000, Ha 6noke 104. In the event the power switch on the METRUM
104. Ecnan Tymbnep NUTaHMa HaxoamMTCsa B NONOXEHUN recorder has been turned off, it may be turned on again
"BblktoyeHo" (Off) ero Heob6xoaMMOo NepeBecT B by pressing the power rocker switch to the ON (right)
nonoxeHune "BkntoyeHo" (On) (npasBoe). BoiknoyaTtenb position. The power rocker switch is located in the upper
NnATaHNa HaxXoOouUTCHd B BEPXHEM MPaBOM Yyrny right hand corner of the METRUM.
MarHnTopoHa. The power switch on the SD-380 spectrum analyzer
Tymbnep nutaHusa aHanmnaartopa cnekrtpa SD-380(BOX (BOX 105) is not accessible on the front of the
105) He pocTyneH ¢ nepegHen naHenu K3A oH instrumentation pallet. It is normally left in the on
HaxoOuUTCs BO BKJIKOYEHHOM nosnoxeHun. SD-380 position. The SD-380 is turned on and off using only the
BKJIIOYAETCS M BbIKJIIOYAETCS TOMLKO MyTEM MOAauYMn SIGNAL ANALYZER POWER switch on BOX 104.
nutaHns Ha 6noke 104 (BOX 104).
Ybeantbes, 4TO amcnnen koga spemeHn (Box 106) 1.3.2 Verify time code display (BOX 106) working and in
paboTaeT B COOTBETCTBUM C CUTHAIOM, NPOU3BOANMbIM agreement with ship’s generated signal. Signal takes
Ha camosieTe. [Ing CMHXPOHM3auMn curHana tpebyercs roughly 1 minute to synchronize.
NPUMEPHO OfHA MUHYTA.
Ybeantbces, 4TO Bpems Ha Yacax METRUM 1.3.3 Check METRUM clock to see that it corresponds with
cooTBeTcTBYeT BpemeHn Ha aucnnee IRIG B TIME CODE the time on the IRIG B TIME CODE DISPLAY. METRUM
DISPLAY. Bpema METRUM gemMoHCTpupyeTca Ha time is displayed on initial startup screen. If there is a
nepBuYHOM MYCKOBOM 3KpaHe. [Npu HecoBnageHun discrepancy, perform the following operations:
BPEeMeHU npoaenatb crefylwmye onepaunm:
HaxaTtb kHonky MENU B cekuumn SYSTEM FUNCTIONS 1.3.3.1 Press MENU button in SYSTEM FUNCTIONS section.
Mcnonb3oBatb CURSOR pnsa Boigenenmnsa SET CLOCK 1.3.3.2 Use CURSOR to highlight SET CLOCK.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

Mpoeepka K3A 1.3 Instrumentation Check
OnucaxHue Sran v Description
Haxatb knasuwy SELECT ITEM 1.3.3.3 Press SELECT ITEM softkey.
CpaBHutb Bpemsa CURRENT CLOCK ¢ BpeMeHeM Ha 1.3.3.4 Compare CURRENT CLOCK time with the IRIG B TIME
ancnnee IRIG B TIME CODE DISPLAY. CODE DISPLAY.
Mcnonb3oBate CURSOR gnsa Bbiaenenus spemenn TIME, (1.3.3.5 Use CURSOR to highlight TIME, then enter correct time
3areM BBECTU NpPaBuUJIbHOE BPEMA C MOMOLLBIO KHOMOK C with numbered buttons in VALUE ENTRY section. Press
undpamum B cekumm VALUE ENTRY. Haxartb KHONKy ENTER button in VALUE ENTRY section.
ENTER B cekummn VALUE ENTRY.
HaxaTtb knasmwy SET CLOCK, 3atem knasuwy DONE. 1.3.3.6 Press SET CLOCK softkey, then DONE softkey.
BcTaBuTb HOBYIO MJieHKY B MarHutodoH METRUM, 1.3.4 Insert new tape into METRUM recorder, press
HaxaTtb kHonky DIRECTORY B cekuun SYSTEM DIRECTORY button in SYSTEM FUNCTIONS section, then
FUNCTIONS, 3atem HaxaTb knasuwy READ EOD DIR. press READ EOD DIR softkey.
lNMposepka METRUM ronocom. 1.4 METRUM Voice Check
Onucaxnue Stan v Description
MopocoeguHnTb yeunmTenb roy10COBOro MMKpPogoHa 1.4.1 Hook up voice microphone amplifier to METRUM
FoReeca K kKaHany 32 marintodpoHa METRUM. recorder channel 32. Attach clip-on voice microphone to
[MpukpennTb NPULLENKON ApHEERHTFERLbHEHA-MUKPOMOH K clothing approximately 4-inches (10 cm) from mouth.
opexae npubnusutenbHo 10 cm oTo pTa.
Haxatb kHonky MEMORY B cekumn SET UP 1 npu 1.4.2 Press MEMORY button in SETUP section and use
MOMOLLM Kypcopa BbICBETUTb YCTAHOBNEHHOE Ha3BaHMe CURSOR to highlight TU-144 FLIGHT TEST setup name.
TU-144 Flight Test. Haxatb knasuwy RECALL SET UP, a Press RECALL SETUP softkey, then RECALL softkey.
3atem RECALL.
HaxaTtb kHonky BAR B cekumun DISPLAY 1 nepesecTtun 1.4.3 Press BAR button in DISPLAY section and move cursor
Kypcop Ha kaHan 32. to channel 32.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

1. NMpepnonetHas lNMpouepnypa 1. Pre-Flight Procedures
fpoBepka METRUM ronocom. 1.4 METRUM Voice Check
OnucaxHue Sran v Description
HaxaTb Tymbnep ycunutensa ronocoBoro MmkpodoHa ans| 1.4.4 Press toggle switch on voice microphone amplifier to
YCTQHOBJ/IEHUS KOHTaKTa 1 yaepXxartb ero. [oBopuTb momentary on position and hold. Talk as you would
TakKxe, Kak 1 BO Bpems nosnerta, U cnegmtb 3a AUNCIIEEM during flight and observe the bar display on the
wkansl Ha METRUM. Ecnn nokazaHus Lwkasbl CANLLKOM METRUM. If bar is under- or over-ranging, move
Masnble nan cnnwkom donblumne, nepectasute CURSOR CURSOR down to VOLTS PEAK and adjust level using
BHM3 Ha VOLTS PEAK n oTperynnpoBaTtb ypOBEHb Mpu INCR and DECR buttons in VALUE ENTRY section.
nomowm kHonok INCR n DECR B cekumn VALUE ENTRY. Release the toggle switch on voice microphone amplifier
Mo OKOHYaHMK OTNYCTUTbL TyMONEp Ha ycunutene when finished.
MUKPOPOHa rosoca.
Ecnn ypoBHM ycTaHoBNEHbI, HaxaTtb kHonky MEMORY B | 145 If levels were adjusted, press MEMORY button in SETUP
cekumnmn SET UP un ucnonesosate CURSOR ans section and use CURSOR to highlight TU-144 FLIGHT
BblOENEHNS YCTAaHOBNEHHOro Ha3seaHua TU-144 Flight TEST setup name. Press SAVE SETUP softkey, then
Test. Haxatb knaBuwy SAVE SET UP, a 3atem SAVE. SAVE softkey.
OTcoeanHnTb pas3beM Bbixoaa ycunmTens rosnocosoro 1.4.6 Disconnect voice microphone amplifier output jack,
MUKPOGOHa, OCTaBMB KOPOTKMK kabesb, leaving short cable connected to METRUM channel 32.
npucoeavHeHHbIN K kaHany 32 METRUM. 3akpenutb Secure voice microphone amplifier and clip-on
YCUNNTENb FrOI0COBONr0 MMKPOMOHA N NMPUKPENNSIOLLMACS microphone for use by operator.
MNUKPOMOH AN MCNOJSIb30BaHUS ONepaTopoM.

Kannoposka mukpodpoHoB 1.5 Microphone Calibration
OnucaxHue Sran v Description
o npoponxeHua pabot garb MUKpodoHam nporpeTtbea | 1.5.0 Before proceeding further, allow 2 hours for warm-up of
B Te4eHue OBYyX 4acoB, Ha4ymHasg c n. 1.2.8. microphones, starting from step 1.2.8.
YcTtaHoBUTL kanndpartop Ha 1kHz n 114dB anq 1.5.1 Set calibrator on 1 kHz and 114 dB for the following
cneayroLwmnx KanmbpoBok. calibrations.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

Kanu6poBka MMKpo¢pOHOB 1.5 Microphone Calibration
OnucaxHue Sran v Description
YctaHoBuTb DATA CHANNEL MULTIPLEXER SELECTOR 1.5.2 Set DATA CHANNEL MULTIPLEXER SELECTOR to BANK
Ha BANK B (Box 104). B (BOX 104).
HaxaTtb kHonky MEMORY B cekumn SET UP un 1.5.3 Press MEMORY button in SETUP section and use
ncnons3osatb CURSOR ans BblaeneHns yctaHOBAEHHOIO CURSOR to highlight TU-144 MIC CAL setup name.
Ha3BaHua TU-144 MIC CAL. HaxaTb knasmwy RECALL Press RECALL SETUP softkey, then RECALL softkey.
SET UP, satem RECALL.
Ona kaxgoro n3 8 MmMkpodpoHOB 3anmcaTb CUrHan 1.5.4 Overview: For each of the 8 microphones, record the
Kanndparopa B TedeHne Tpuauatn (30) cekyHa Ha calibrator signal for thirty (30) seconds on the METRUM
MmarHmtopoH METRUM. Ha METRUM oTknio4nTb BCE recorder. Turn off all input channels on METRUM (using
Bxogsdwme kaHanbl (npu nomowm meHio INPUT CHAN), INPUT CHAN menu) except for microphone channel
3a UCK/YEHNEM KannbpyemMoro kaHana MmMkpodoHa. being calibrated. Fill in microphone calibration log sheet.
Cnenatb OTMETKY B JHEBHMKE KannbpoBKN MUKPODOHa. Operation requires two people: calibrator operator
MpumeyaHue: 3amepuTb BbIXoA KaHana Ha SD-380 u (OPC), instrumention rack operator (OPR). Use radio
nogoxaaTb A0 YCTAaHOBKUM KOMMeHcauMn NOCTOSHHOIO telephones to communicate.(Note: Monitor output
TOKa, nepen Tem Kak HadyaTb HakannmeaTtb JaHHble. channel on SD-380 and wait until DC offset settles out
before acquiring data.)
1.5.4.1 OPR: Obtain current atmospheric pressure from flight
personnel and record on data sheet. Obtain current
cabin interior temperature and record on data sheet.
1.5.4.2 OPC: move to next microphone.
OPR: turn off all channels on METRUM except for
microphone being calibrated.
1.5.4.3 OPR: enter Test Name (INPUT CHAN screen)
1.5.44 OPR: connect METRUM output channel to input channel
being calibrated (OUTPUT CHAN screen)
1.5.4.5 OPC: make sure calibrator is OFF. Avoid static electricity
discharge. Slip calibrator gently over microphone. Select
1 KHz. Turn ON to 114 dB.
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

Kanu6poBka MMKpo¢pOHOB 1.5 Microphone Calibration
OnucaxHue Sran v Description
1.5.4.6 OPR: On METRUM bar display select the channel being
calibrated and determine proper range setting.
1.5.4.7 OPR: On SD-380 watch signal (nice sine wave?). Wait for
DC component to die out.
1.5.4.8 OPR: Write down beginning block number
1.5.4.9 OPR: Record signal on METRUM for 30 seconds
1.5.4. OPR: Tell OPC to turn calibrator off
10 OPC: Avoid static electricity discharge. Gently remove
calibrator from microphone.
1.5.4. OPR: Write down ending block number and other
11 relevant information
HaxaTtb kHonky MEMORY B cekumn SET UP 1 npu 1.5.5 Press MEMORY button in SETUP section and use
nomowm CURSOR BbICBETUTbL YCTAHOBNEHHOE HA3BaHMNE CURSOR to highlight TU-144 FLIGHT TEST setup name.
TU-144 Flight Test. Haxatb knasuwy RECALL SET UP, a Press RECALL SETUP softkey, then RECALL softkey.
3atem RECALL. MNpumeyaHune: 310 Aenaetcd B paMkax (Note: This is in preparation for the flight test
NOArOTOBKM K JIETHBbIM U3MEPEHUSIM. measurements)
(Mo BbIGOPY) HaxxaTtb kHonky INPUT CHAN B cekuun SET | 1.5.6 (Optional) Press INPUT CHAN button in SETUP section
UP un knasuwy TEST NAME. Mcnonb3ysa knaBnatypy, and TEST NAME softkey. Type in a test name using
Hamne4yaTtaTtb Ha3BaHWe TecTa. keypad.
BbiTaHyTb NpegoxpaHyTenb CB5 1 3akpbiTh ero 6enbiv 1.5.7 Pull CB5 breaker and secure it with a white collar (BOX
konnaykom (Box 101). 101).
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TY-14401)1 3xkcnepumeHdT 2.1 lNMpoueaypa UcnbiTaHusa

1. NpepnoneTtHas NMpoueapypa

TU-144LL Experiment 2.1 Test Procedures
1. Pre-Flight Procedures

Mepexon ¢ HA3eMHOro NUTaHUA Ha 1.6 Switch Power from Ground Power to APU
BCNoOMoraresibHbii 610K nutaiua BCY
OnucaxHue Sran v Description
OtmeHseTcsa 1.6.1 DELETED
[o nepeknioyeHnsa NUTaHUsg ¢ Ha3eMHOro Ha 1.6.2 Cockpit/ground crew informs operator prior to switching
BCcriomMorartesnbHbin 6510k nuTanma BCY akmnax camoneta power from ground power to APU.
B KabuHe nnu Ha 3emne npenynpexaaet 06 aTom
onepaTtopa.
HenocpencrteBeHHO nepep, nepektoyeHneM Ha3eMHOro 1.6.3 Just before power is switched from ground power to
NUTaHUS Ha BCMOMoOraTenbHbIi 6510k NnutaHna (BCY), APU, pull out and down on MASTER POWER toggle
BbITSIHYTb U NOCTaBuUTb BHM3 Tym6nep MASTER POWER B switch to OFF position (BOX 104).
nonoxeHune OFF (Box 104).
Mocne nepeknoyeHnsa nutaHna Ha BCY BbITAHYTb U 1.6.4 After power has been switched to APU, pull out and up
noctaButb MASTER POWER B BepxHee nonoxeHne ON, on MASTER POWER toggle switch to ON position to
Onsa nogayum nutaHusa kK ataxepke K3A (Box 104). power up instrumentation pallet (BOX 104).
[MpoBepuTb Nogavy nMTaHUs rno TPEM 3e/IEHbIM 1.6.5 Verify power on with three green lights; one for MASTER
nHamnkatopam: oanH- ana MASTER POWER, BTopoii - POWER, one for 115V 400 Hz, one for 27 VDC (BOX
ana 115V 400Hz, tpetun - ana 27 V DC. 104).
Ybeantbes, 4TO paboTaloT oxnaxaaruwme BEHTUNATOPLI B| 1.6.6 Verify cooling fans on top of pallet are running.
BepxHel 4YacTtn ataxepkn K3A.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

NMpumeuyaHme: 2.0 Note

PaboTbl No cekuusam ¢ 2. no 2.8 BKAOYNTESIbHO The work in sections 2. through 2.8, inclusive, will be

BbINOJIHAKOTCA aMepUKaHCKUMU crieuyanncTamm performed by the US Team with the support of Tupolev

CcoBMeCTHO co cneuuannctamm AHTK um. A.H.Tynonesa. personnel.

MpuHaTue peweHus netetb/He neTeTb 2.1 Go-No Go Decision

OnucaxHue Sran v Description

[MpoBepuTb NepeyeHb KPUTUYECKUX NMapameTpoB 2.1.1 Check critical parameters list.

Ecnun Bce B nopsiake, COOOLWMTL SKUMaXy KabUHbI K 2.1.2 If everything is OK, tell cockpit/test director that

OTBETCTBEHHOMY 3a MNpoBefeHune aKCnepuMeHTa, 4To Experiment 2.1 is ready to take measurements.

aKcnepuMeHT 2.1 roToB A/is 3anncu AaHHbIX.

NMepexnioyeHne nutauma ¢ BCY Ha reHepaTtop. 2.2 Switch Power from APU to Generator

Onucaxnue Sran v Description

o nepeknioyeHns nutanusa ¢ BCY Ha nuTtaHue ot 2.2.1 Cockpit informs operator prior to switching power from

reHeparopa camoJsieTa, akmnax n3sewaet 06 aTom APU to ship’s generator.

oneparopa.

HenocpencrtBeHHO nepep, nepektnyeHnemM nmTaHus ¢ 2.2.2 Just before power is switched from APU to ship’s

BCY Ha reHepatop camoneTta, BTAHYTb BHU3 Tymbnep generator, pull out and down on MASTER POWER toggle

MASTER SWITCH u yctaHoBUTb ero B nonoxexHne OFF switch to OFF position (BOX 104).

(Box 104).

[Mocne nepeknoyeHNa NUTaHUA Ha reHepaTop camorneTa, | 2.2.3 After power has been switched to ship’s generator, pull

BbITAHYTb BBepx Tym6nep MASTER SWITCH B nonoxeHune out and up on MASTER POWER toggle switch to ON

ON ang nopgaym nutaHng K ataxepke K3A (Box 104). position to power up instrumentation pallet (BOX 104).
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

MepexnioyeHne nutauma ¢ BCY Ha reHepaTtop. 2.2 Switch Power from APU to Generator
OnucaxHue Sran v Description
[MpoBepuTb NOgaYy NUTAHUSA MO TPEM 3eJIeHbIM 2.2.4 Verify power on with three green lights; one for MASTER
nHamkatopam: oanH ana MASTER POWER, BTopon ans POWER, one for 115V 400 Hz, one for 27 VDC (BOX
115V 400Hz, Tpetuin gna 27V DC(Box 104). 104).
Ybeantbes, 4TO paboTaloT oxnaxaaruwme BEHTUNATOPLI B| 2.2.5 Verify cooling fans on top of pallet are running.
BepxHen 4yacTn ataxepkn K3A.
NMpoeepka rosocoBou CBA3u ¢ KabOUHOM M 2.3 Cockpit Voice Check and METRUM Voice
npuKpenJeHue roJiocoBoro MMKpodpoHa Microphone Hook-up
mariutodoHa METRUM.
OnucaxHue Sran v Description
MpoBepuTb ABYCTOPOHHIOK CBA3b C 3KUMaXeM B KabuHe. | 2.3.1 Confirm two-way intercom with cockpit.
MpukpennTb kKabenb, NOACOEAVHEHHBIN K 32 KaHany 2.3.2 Hook up cable connected to METRUM recorder channel
MarHutogpoHa METRUM K BbIXxoQy yCUnuTens ronocoBoro 32 to voice microphone amplifier output jack. Attach
MUKPOMOHA U 3aKpernnTb roJI0COBOM MUKPODOH K clip-on voice microphone to clothing approximately 4-
oaexnae npumepHo B 4-x alonmax (10cm) ot pTa. inches (10 cm) from mouth.
HazemHble namepeHusa (PeXxum mcnbiTaHUn 2.4 Ground Measurements (Test Condition #G1)
#G1) (Camonet Ha cTosiHKe, [lBUraTenu Ha (Stationary Aircraft, Engines Idling, ECS On)
xonoctom xony, CKB BknioueHa)
OnucaxHue Sran v Description
lMpoBepuTb, 4To CKB (cnucrtema KoHOULMOHNPOBaHUS 2.4.1 Verify that ECS (Environmental Control System = air
BO34yxa) paboTaeT Ha MOJIHYIO MOLLHOCTb. conditioning) is generating at full capacity.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

HasemMHblie namepenus (Pexum ucnboitaHun 2.4 Ground Measurements (Test Condition #G1)
#G1) (CamoneT Ha cTosiHke, [iBUraTenun Ha (Stationary Aircraft, Engines Idling, ECS On)
xonoctom xony, CKB BknioueHa)
OnucaxHue Sran v Description
Ha marHntodpoHe METRUM (Box 207) HaxaTtb KHOMKY 2.4.2 On METRUM (BOX 207) , press SPEED button in
SPEED cekunn TRANSPORT, a 3atem knasuwy ENABLE TRANSPORT section and then ENABLE REC-READY
RECORDING. o npogonxeHus onepaunii yoeantbcs B softkey. Wait until a READY message appears in upper
TOoM, 4To Hagnucb READY nosiBunacb B BEpPXHEM MpPaBoOM right corner of screen before proceeding.
yrny akpaHa.
Mepekntounte DATA CHANNEL MULTIPLEXER SELECTOR| 2.4.3 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
Ha HOBOM CMNpaBOYHOM JINCTKE TEXHNYECKUX OaHHbIX 2.4.4 On a new data sheet, record cassette name and date,
3anucaTtb Ha3BaHMe KacceTbl, YACII0, HOMEpP MUCHMbITaHUS, run number, test condition, DATA CHANNEL
pexunm mncnoitaHus, nonoxeHne DATA CHANNEL MULTIPLEXER SELECTOR position and starting block
MULTIPLEXER SELECTOR 1 HOoMep HayanbHOro 6s0ka. number.
MpmMeyaHue: TekyLnin HOMepP UCMbITaHUA 9BNFeTCA (Note: The run number is an easy means of identifying a
NPOCTbIM CNOCOOOM naeHTUGUKaLMM onpeaeneHHomn particular record. The run number is incremented for
3anucu. Tekywmin HOMep UCMbITaHUA YBENNYMBAETCH NpU each record taken. The run number count is never reset
Kaxaon npomndseneHHom 3anucu. OTcyeT Homepa to 1 and will increase even across data cassettes and
NCMbITAHMS HMKOrga He Bo3BpawaeTtcs K 1 n éyaet flights.)
BO3pacTaTb Aaxe A9 KacceT C AaHHbIMU 1 OT noneta K
ronery. (Note: The block number is found just below the READY
MpumeyaHue: Homep 6n0ka ykasbiBaeTCs Nof4 HaAMMCbiO message in the top right corner of the screen).
READY B BepxHeM MpaBoOM Yyriy 3KkpaHa.
. (Note: The cassette name can be found by pressing the

I'Ipmmeanme: HaszBaHue kacceTbl MOXHO HanTn, Ha>kKaB DIRECTORY button in SYSTEM FUNCTIONS section.
kHornky DIRECTORY B cekumn SYSTEM FUNCTIONS. CASSETTE NAME is near the upper left corner of the
HassaHune kacceTtbl CASSETTE NAME nosiBnsetcs psaom screen.)
C BEPXHUM JIEBbIM YIJIOM 9KpaHa.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3zemHble nuamepeHusa (Pexum ucnbiTaHUM 2.4 Ground Measurements (Test Condition #G1)
#G1) (CamoneT Ha cTosiHke, [iBUraTenun Ha (Stationary Aircraft, Engines Idling, ECS On)
xonoctom xony, CKB BknioueHa)
OnucaxHue Sran v Description
na aBToMaTnyeckoro nepeksnoyeHns ananasoHa 2.4.5 Perform the following procedures to autorange the input
N3MepeHnn ypoBHA BXxoasulero curHana Ha METRUM level on the METRUM
npoaenartb cnenyowme onepaumn:
HaxaTtb kHornky BAR B cekumun DISPLAY; 2.4.5.1 Press BAR button in DISPLAY section.
Haxatb knasmwmn AUTORANGE SOFTKEYS (nocne 24572 Press AUTORANGE SOFTKEYS softkey (softkey should
HaXaTus KJiaBuLIM OOJIKHbI 3aropartbes). be lit after pressing).
HaxaTtb knasmwy ENABLE AUTORANGE n nogoxaartb 2.45.3 Press ENABLE AUTORANGE softkey and wait until
noka noracHeT ocBeLlleHue knasmim ENABLE ENABLE AUTORANGE softkey light turns itself off.
AUTORANGE.
Haxatb knaBsnwy AUTORANGE MODE (nocne HaxaTtusa 2.4.5.4 Press AUTORANGE MODE softkey (softkey should be lit
KNaBuLla OOJIKHA 3aropeTtbes). after pressing).
Haxatb kHornky INCR B cekuun VALUE ENTRY aong 2455 Press INCR button in VALUE ENTRY section to switch to
nepekstyeHns B pexnmMm aBToOMaTtn4eckoro CONTINUQUS autorange mode.
nepekoyeHns ananasoHa namepenunin -CONTINUOUS.
Haxatb knaBsnwy ENABLE AUTORANGE (knasuwwia 2.4.5.6 Press ENABLE AUTORANGE softkey (softkey should be
[OJKHA 3aropeTtbes rnocne HaxaTtus) n nogoxaars 10 lit after pressing) and wait 10 seconds.
CEKYH[.
Ona otMeHbl KoMaHabl HaxaTb knasuwy ENABLE 2.457 Press ENABLE AUTORANGE softkey again to disable.
AUTORANGE ewe pas. Nocne HaxaTus KnaBuLLa OOJKHA Softkey should be unlit after pressing.
NOracHyTb.
HaxaTb kHonky DECR B cekumn VALUE ENTRY gns 2.45.8 Press DECR button in VALUE ENTRY section to switch to
nepeknoyeHna B pexum BRIEF - aBTomatnyeckoro BRIEF autorange mode.
nepekNiyeHnsa anana3oHa N3MepPeHnil.
Haxatb knasmwy AUTORANGE SOFTKEYS ons Beixoga [2.4.5.9 Press AUTORANGE SOFTKEYS softkey to exit autorange
U3 pexunmMa aBToMaTn4eckoro nepekyeHna gmanasoHa function (softkey should be unlit after pressing).
N3MepeHn (nocne HaxaTtuga Knasuiia gOoJIKHA
MoracHyThb).
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3zemHble nuamepeHusa (Pexum ucnbiTaHUM 2.4 Ground Measurements (Test Condition #G1)
#G1) (Camonet Ha cTosiHKe, [iBUratenu Ha (Stationary Aircraft, Engines Idling, ECS On)
xonoctom xony, CKB BknioueHa)
OnucaxHue Sran v Description
HaxaTtb kHonky OVERRANGE CLEAR B cekuunn DISPLAY. | 2.4.6 Press OVERRANGE CLEAR button in DISPLAY section.
HaxaTtb 1 yaepxmatb kHornky RECORD. YaepxuBas Press RECORD and hold. While holding RECORD, press
kHonky RECORD Haxatb kHonky PLAY, 3aTemM oTnyCcTUTb PLAY, then release both buttons.
obe KHoMKW.

(Note: The OVERRANGE CHECKING and OVERRANGE
Mpumeyanue: knasnwm OVERRANGE CHECKING un HOLD softkeys should be lit. If they are not, press
OVERRANGE HOLD ponxHbl 3aropetbcs. Ecnu oHn He them.)
3aropsTcs, Ha HUX cleayeT HaxaTb.

(Note: Red light will blink and RECORD message will
Mpumeyarnue: npun nogrotoeke METRUM k 3anucu B flash in upper right corner of screen for a few seconds
TeyeHne HeCKOJIbKMX CeKyH[ OyaeT MUraTb KpPacHbIN while the METRUM gets ready to record. Light and
MHOWKATOP, B BEPXHEM MpaBOM Yriy 3KpaHa 3aMmuraet message will become steady when the METRUM is
Hagnuck RECORD. Korga METRUM HauyHeT 3anucbiBaTh, actually recording. Block count will also increase while
NHOVKATOP U HaaNucb 6yayT ropeTb NOCTOSHHO. Bo recording.)
BpPeMS 3anmcu cHeT 6710KoB ByaeT TakkKe yBeNn4YnBaThbCs.
3anucaTtb AaHHble B TeyeHune (2) MUHYT rnocne 2.4.7 Record data for two (2) minutes after the light has
cTabunmaaunm (NpekpaleHns MUraHus) nHaukaropa v become steady, then press STOP. While recording,
Haxatb STOP. Bo Bpems 3annucu ronocom cneayet provide relevant voice annotation. Record end block
0006aBUTb COOTBETCTBYIOLLME KOMMEHTapun. Ha number, condition of overrange indicator and any
CMNpPaBOYHOM JINCTKE TEXHUYECKUX AAHHbIX cneayeT comments on data sheet.
3anncatb HoMep rocnieaHero 610ka, NokasaHus Record cabin pressure and temperature on data sheet.
nHamMKaTopa BbiIxoAa 3a npeaensl gnanasoHa un nodble
apyrve 3amMme4yaHus.
Ha cnpaBOYHOM NNCTKE TEXHUYECKUX OaHHbIX cneayeT
yKasaTb JaBNEHUS 1 TemnepaTtypa B kabuHe.
Mepekntounte DATA CHANNEL MULTIPLEXER SELECTOR| 2.4.8 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK B (Box 104). BANK B (BOX 104).
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3zemHble nuamepeHusa (Pexum ucnbiTaHUM 2.4 Ground Measurements (Test Condition #G1)
#G1) (Camonet Ha cTosiHKe, [iBUratenu Ha (Stationary Aircraft, Engines Idling, ECS On)
xonoctom xony, CKB BknioueHa)
OnucaHue STan v Description
B cnpaBoYHOM NUCTKE TEXHUYECKUX OaHHbIX cnenyet 2.4.9 Record run number, test condition, DATA CHANNEL
ykasaTb HOMeP UCMbITaHUS, PEXNM UCMbITAHWUS, MULTIPLEXER SELECTOR position and starting block
nonoxeHne DATA CHANNEL MULTIPLEXER SELECTOR u number on data sheet.
HOMep CTapTOBOro (=HayanbHOro) 6noka.
BbinonHnTeL onepauun ang aBToMatn4eckoro 2.4.10 Perform again the autorange procedures described in
nepexkioyeHna gmuanasoHa ot nyHkrta 2.4.5.1 oo nyHkTa steps 2.4.5.1 through 2.4.5.9.
2.4.5.9.
HaxaTtb kHonky OVERRANGE CLEAR B cekuuun DISPLAY. |2.4.11 Press OVERRANGE CLEAR button in DISPLAY section.
HaxaTtb kHonky RECORD v yaepxaTb ee. Yaepxnsas Press RECORD and hold. While holding RECORD, press
kHonky RECORD HaxaTtb kHonky PLAY, 3aTtem oTnyCcTUTb PLAY, then release both buttons.
o6e KHOMKMW.
3anuncartb gaHHblE B Te4eHme ABYX (2) MUHYT nocne 2.4.12 Record data for two (2) minutes after the light has
npekpaLLeHns MmraHusa niamkatopa n Haxate STOP. Bo become steady, then press STOP. While recording,
BPEMS 3anmcu rosocom cnegyet nobasnTb provide relevant voice annotation. Record end block
COOTBETCTBYIOLLME KOMMEHTapun. Ha cnpaBo4YHOM number, condition of overrange indicator and any
NINCTKE TEXHNYECKNX AaHHbIX CneayeT 3anmcaTb HOMeP comments on data sheet.
nocnegHero 650ka, NokasaHns MHAMKATopa Bbixoaa 3a
npenens AnanasoHa 1 niobble Apyrne 3aMmevyaHus.
CoobwmnTb 3kMnaxy B kabnHe 0 rOTOBHOCTM K nepexoay |2.4.13 Inform cockpit ready for next condition.
Ha CNneayloLwnii pexmnm.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3zemHble namepeHusa (Pexum ucnbiTaHUM 2.5 Ground Measurements (Test Condition #G2)
#G2) (Camonet Ha cTosiHKe, [iBUratenu Ha (Stationary Aircraft, Engines Idling, ECS Off)
xonoctom xony, CKB oTtkmo4yeHa)
OnucaxHue Sran v Description
MpoBepuTb, 4To CKB (cnuctema KoHAULUMOHNPOBaHUSA 2.5.1 Verify that ECS (Environmental Control System = air
BO34yxa) OTK/OYeHa. conditioning) is off.
Ecnn B BepxHeM npasom yrny akpaHa METRUM Bce ewe | 2.5.2 If READY message still appears in upper right corner of
nosiensetca cnoso READY, nepenTtn Kk cnepyioLien METRUM screen, proceed to next step. Otherwise,
onepauun. Ecnn HeT, To cnepyeT HaxaTb kKHonKy SPEED press SPEED button in TRANSPORT section and then
B cekumm TRANSPORT, a 3atem knaBuwly ENABLE REC- ENABLE REC-READY softkey. Wait until a READY
READY. [lo nepexoga kK cnenyloulen onepaumn message appears in upper right corner of screen before
noaoXaaTb, MOKa B BEPXHEM MPABOM Yriy aKkpaHa proceeding.
nossutcsa cnoso READY.
Mepekntounte DATA CHANNEL MULTIPLEXER SELECTOR| 2.5.3 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
Ha cnpaBO4YHOM JINCTKE TEXHUYECKUX OAHHbIX 3anucaTb 2.5.4 Record run number, test condition, DATA CHANNEL
HOMEP UCMbITaHUA, PEXNM UCTbITaHUS, nonoxeHne DATA MULTIPLEXER SELECTOR position and starting block
CHANNEL MULTIPLEXER SELECTOR n Homep number on data sheet.
Ha4anbHOro 6noka.
nsg aBToMaTny4eCcKoro rnepexksoyeHmns amanasoHa 2.5.5 Perform the following procedures to autorange the input
N3MEepPEHNn YPoBHSA BXxoasiLero curHana Ha METRUM level on the METRUM
npoaenartb cnenylowme onepaumn:
HaxaTb kHonky BAR B cekuun DISPLAY; 2551 Press BAR button in DISPLAY section.
Haxatb knaBnwy AUTORANGE SOFTKEYS (nocne 2.5.5.2 Press AUTORANGE SOFTKEYS softkey (softkey should
HaXkaTus KnasuLla O0JIKHA 3aropartbes). be lit after pressing).
Haxatb knaBuwy ENABLE AUTORANGE v nogoxaatb 2.5.5.3 Press ENABLE AUTORANGE softkey and wait until
rnoka noracHet ocseLlleHue knasuwn ENABLE ENABLE AUTORANGE softkey light turns itself off.
AUTORANGE.
Haxatb knaBsnwy AUTORANGE MODE (nocne HaxaTtusa 2.5.5.4 Press AUTORANGE MODE softkey (softkey should be lit
KNaBuLla OO0JIKHA 3aropeTtbes). after pressing).
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3zemHble nuamepeHusa (Pexum ucnbiTaHUM 2.5 Ground Measurements (Test Condition # G2)
#G2) (CamoneT Ha cTosiHKe, [iBUraTtenu Ha (Stationary Aircraft, Engines Idling, ECS Off)
xonoctom xoany, CKB oTkniouyeHa)
OnucaxHue Sran v Description
Haxatb kHonky INCR B cekuun VALUE ENTRY ansa 2555 Press INCR button in VALUE ENTRY section to switch to
NnepexksIloYeHNs B PeXUM aBTOMATUYECKOIro CONTINUQUS autorange mode.
nepeknoyeHns ananasoHa namepennin -CONTINUOUS.
Haxatb knasmwy ENABLE AUTORANGE (knaBuiia 2556 Press ENABLE AUTORANGE softkey (softkey should be
[OJKHA 3aropeTbes nocne HaxaTtus) n nogoxaars 10 lit after pressing) and wait 10 seconds.
CEKYH[.
na oTMeHbl KomaHabl HaxaTb knasuwy ENABLE 2.557 Press ENABLE AUTORANGE softkey again to disable.
AUTORANGE ewe pas. lNocne HaxaTnsa kiaBuLLa A0JKHA Softkey should be unlit after pressing.
NOracHyTb.
Haxatb kHornky DECR B cekumn VALUE ENTRY gnsa 2.5.5.8 Press DECR button in VALUE ENTRY section to switch to
nepeknioyeHna B pexum BRIEF - aBTomatnyeckoro BRIEF autorange mode.
nepexkIloyeHns ananasoHa n3MepeHunil.
Haxatb knaBuwy AUTORANGE SOFTKEYS ang Bbixoga 2559 Press AUTORANGE SOFTKEYS softkey to exit autorange
U3 pexunmMa aBToMaTn4eckoro nepeknyeHna gmanasoHa function (softkey should be unlit after pressing).
N3MepPeHNi (Nocne HaxaTtus Knaeumwla gokKHa
MoracHyThb).
HaxaTtb kHonky OVERRANGE CLEAR B cekuun DISPLAY. | 2.5.6 Press OVERRANGE CLEAR button in DISPLAY section.
HaxaTtb 1 yaepxmBatb kHornky RECORD. YaepxuBas Press RECORD and hold. While holding RECORD, press
kHonky RECORD HaxaTtb kHonky PLAY, 3aTtem oTnyCcTUTb PLAY, then release both buttons.
obe KHoMKW.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3zemHble nuamepeHusa (Pexum ucnbiTaHUM 2.5 Ground Measurements (Test Condition # G2)
#G2) (CamoneT Ha cTosiHKe, [iBUraTtenu Ha (Stationary Aircraft, Engines Idling, ECS Off)
xonoctom xony, CKB oTtkmo4yeHa)
OnucaxHue Sran v Description
3anucaTb AaHHble B TedyeHue (2) MUHYT nocne 2.5.7 Record data for two (2) minutes after the light has
cTabunmaaunm (NpekpalleHns MUraHus) nHaukaropa w become steady, then press STOP. While recording,
Haxatb STOP. Bo Bpems 3annucu ronocom cneayet provide relevant voice annotation. Record end block
[000aBNTb COOTBETCTBYIOLLME KOMMEHTapun. Ha number, condition of overrange indicator and any
CrnpaBO4YHOM JINCTKE TEeXHUYEeCKUX OAaHHbIX crieayeTt comments on data sheet.
3anucatb HoMep nocieaHero 610ka, NokasaHus Record cabin pressure and temperature on data sheet.
nHAVKaTopa Bbixoda 3a npeaenbl AnanasoHa u nioodble
apyrve 3amevyaHus.
Ha cnpaBO4YHOM NINCTKE TEXHUYECKUX OaHHbIX cneayet
ykasaTb JaB/iEeHMs 1 TeMmnepaTypa B KabuHe.
Mepekniounts DATA CHANNEL MULTIPLEXER SELECTOR| 2.5.8 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK B (Box 104). BANK B (BOX 104).
B cnpaBoO4YHOM NNCTKE TEeXHUYECKUX OaHHbIX cnenyer 259 Record run number, test condition, DATA CHANNEL
yKkazaTb HOMep UCMbITaHUA, PEXNM UCMbITaAHUS, MULTIPLEXER SELECTOR position and starting block
nonoxeHne DATA CHANNEL MULTIPLEXER SELECTOR u number on data sheet.
HOMep CTapToBOro 6s10Ka.
BbinonHnTeL onepauun ang aBToMaTtn4eckoro 2.5.10 Perform again the autorange procedures described in
nepekiyeHnsa gmana3oHa oT nyHkTa 2.5.5.1 g0 nyHkTa steps 2.5.5.1 through 2.5.5.9.
2.5.5.9.
Haxatb kHonky OVERRANGE CLEAR B cekuun DISPLAY. |2.5.11 Press OVERRANGE CLEAR button in DISPLAY section.
Haxatb kHonky RECORD v yaepxaTb ee. Yaepxunsas Press RECORD and hold. While holding RECORD, press
kHonky RECORD HaxaTtb kKHonky PLAY, 3aTtem oTnyCcTUTb PLAY, then release both buttons.
06e KHOMK!.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3zemHble nuamepeHusa (Pexum ucnbiTaHUM 2.5 Ground Measurements (Test Condition #G2)
#G2) (CamoneT Ha cTosiHKe, [iBUraTtenu Ha (Stationary Aircraft, Engines Idling, ECS Off)
xonoctom xony, CKB oTtkmo4yeHa)
OnucaxHue Sran v Description
3anucaTb AaHHble B Te4YeHne ABYX (2) MUHYT nocne 2.5.12 Record data for two (2) minutes after the light has
npekpaLleHns mmraHnsa nuamkatopa n Haxate STOP. Bo become steady, then press STOP. While recording,
BPEMS 3anmcu rosiocom cnegyet nobasnTb provide relevant voice annotation. Record end block
COOTBETCTBYIOLLME KOMMeEHTapun. Ha cnpaBo4YHOM number, condition of overrange indicator and any
JINCTKEe TeXHUYECKNX OaHHbIX cneanyeT 3anucatb HoMep comments on data sheet.
nocnegHero 61oka, NokasaHus MHAMKaTopa Bbixoga 3a
npenenbl agMana3oHa n nbdble apyre 3amedaHus.
CoobwmTb akmnnaxy B kabmHe 0 rOTOBHOCTU K nepexoay |2.5.13 Inform cockpit ready for next condition.
Ha CNeayloLwyin Pexum.
Ha3zemHble namepenusa (Pexum uncnoitainn G3- 2.6 Ground Measurements (Test Conditions G3-G6)
G6) (Camonert Ha cTosiHke, iBuratenu (Stationary Aircraft, Engines Running, ECS Off)
pa6oTtaioT, CKB oTknio4yeHa)
Onucaxnue Stan v Description
MpoBepuTb, 4To CKB (cncTtema KOHANUMOHNPOBAHUS 2.6.1 Verify that ECS (Environmental Control System = air
BO34yXa) OTK/OYEHa. conditioning) is off.
MpownssecTn onepauunn oT 2.6.2 oo 2.6.13 ang kaxnoro Perform steps 2.6.2 through 2.6.13 for each condition
pexmnma, nepevyncneHHoro Hmxe: indicated below:
Pexum -- Asuratenu pa6ortaior Test Condition | Engines, Thrust | Engines Idling
MCnbITaHUS B XOJIOCTOM Lever Position
COCTOSSHUM

G3 3, 72% 1,2,4 G3 3, 72% 1,2,4

G4 3, 98% 1,2,4 G4 3, 98% 1,2,4

G5 4, 72% 1,2,3 G5 4, 72% 1,2,3

G6 4, 98% 1,2,3 G6 4, 98% 1,2,3
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

2. MNpoueaypsbl NpeaB3neTHbIE. 2. Procedures Before Takeoff
Ha3zemHble namepenusa (Pexum uncnoitaimnm G3- 2.6 Ground Measurements (Test Conditions G3-G6)
G6) (Camonert Ha cTosiHke, [iBUratenu (Stationary Aircraft, Engines Running, ECS Off)
paooTtaioT, CKB oTknio4yeHa)
Onucaxnue Stan v Description
[MepenTtn K cnepyoulen onepaumn, ecnv B rnpasom 2.6.2 If READY message still appears in upper right corner of
BepxHeM yrny skpaHa METRUM nogasutca cnoso READY. METRUM screen, proceed to next step. Otherwise,
B npotnBHOM cnyyae HaxaTb kHornky SPEED B cekumn press SPEED button in TRANSPORT section and then
TRANSPORT, a 3atem knaesmwy ENABLE REC-READY. [lo ENABLE REC-READY softkey. Wait until a READY
nepexoa K cnenyloulen onepaumm nogoxnartb, noka B message appears in upper right corner of screen before
BEPXHEM MPaBOM Yyriy aKkpaHa noasutcda cnoso READY. proceeding.
Mepekntounte DATA CHANNEL MULTIPLEXER SELECTOR| 2.6.3 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
Ha cnpaBO4YHOM JINCTKE TEXHUYECKMX OaHHbIX 3anmcaTtb 2.6.4 Record run number, test condition, DATA CHANNEL
HOMEP UCMbITaHUSA, PEXNM UCTbITaHUS, nonoxeHne DATA MULTIPLEXER SELECTOR position and starting block
CHANNEL MULTIPLEXER SELECTOR n Homep number on data sheet.
Ha4anbHOro 6noka.
na aBToMaTnyeckoro nepeksnoyeHns ananasoHa 2.6.5 Perform the following procedures to autorange the input
N3MepeHnn ypoBHA Bxoasulero curHana Ha METRUM level on the METRUM
npoaenartb cnenyowme onepaumn:
HaxaTb kHonky BAR B cekuun DISPLAY; 2.6.5.1 Press BAR button in DISPLAY section.
Haxatb knaBnwy AUTORANGE SOFTKEYS (nocne 2.6.5.2 Press AUTORANGE SOFTKEYS softkey (softkey should
Ha)kaTus KnasuLla O0JIKHA 3aropartbes). be lit after pressing).
Haxatb knaBuwy ENABLE AUTORANGE v nogoxpatb 2.6.5.3 Press ENABLE AUTORANGE softkey and wait until
rnoka noracHet ocselleHue knasuwn ENABLE ENABLE AUTORANGE softkey light turns itself off.
AUTORANGE.
HaxaTtb knaemwy AUTORANGE MODE (nocne Haxatus 2.6.5.4 Press AUTORANGE MODE softkey (softkey should be lit
KNaBuLla OOJIKHA 3aropeTtbes). after pressing).
Haxatb kHonky INCR B cekuun VALUE ENTRY anga 2.6.5.5 Press INCR button in VALUE ENTRY section to switch to
NnepexksIloYeHns B PeXUM aBTOMATUYECKOIro CONTINUQUS autorange mode.
nepeknoyeHns ananasoHa namepeHnin -CONTINUOUS.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3emHble nuamepenusa (Pexum uncnoitanmn G3- 2.6 Ground Measurements (Test Conditions G3-G6)
G6) (Camonet Ha cTosiHke, iBuratenu (Stationary Aircraft, Engines Running, ECS Off)
pa6oTtaior, CKB oTknio4yeHa)
OnucaxHue Sran v Description
Haxatb knasmwy ENABLE AUTORANGE (knaBuwia 2.6.5.6 Press ENABLE AUTORANGE softkey (softkey should be
[OJKHA 3aropeTbes nocne HaxaTtus) n nogoxaats 10 lit after pressing) and wait 10 seconds.
CEKYH[.
na oTMeHbl KomaHabl HaxaTb knasuwy ENABLE 2.6.5.7 Press ENABLE AUTORANGE softkey again to disable.
AUTORANGE ewe pas. Nocne HaxaTus kiaBuvLLa A0JKHA Softkey should be unlit after pressing.
NOracHyTb.
Haxatb kHonky DECR B cekumn VALUE ENTRY gns 2.6.5.8 Press DECR button in VALUE ENTRY section to switch to
nepeknoyeHna B pexum BRIEF - aBTomatnyeckoro BRIEF autorange mode.
nepekNiyeHnsa anana3oHa N3MepPeHni.
HaxaTtb knaBmwy AUTORANGE SOFTKEYS ang Bbixoga [2.6.5.9 Press AUTORANGE SOFTKEYS softkey to exit autorange
M3 pexunmMa aBToMaTn4ecKkoro nepexknyeHna auanasoHa function (softkey should be unlit after pressing).
N3MepeHn (nocne HaxaTtuga Knasuiia gOoJIKHA
NOracHyTb).
Haxatb kHonky OVERRANGE CLEAR B cekuun DISPLAY. | 2.6.6 Press OVERRANGE CLEAR button in DISPLAY section.
Haxatb 1 yaepxumatb kHornky RECORD. YaepxuBas Press RECORD and hold. While holding RECORD, press
kHonky RECORD HaxaTb kHonky PLAY, 3aTem oTnyCcTuTb PLAY, then release both buttons.
06e KHOMK!.
3anucaTtb gaHHble B TeyeHne (1) MUHYTbI nocne 2.6.7 Record data for one (1) minute after the light has
cTabmnusauum (NpekpaweHnus MUraHns) nHamkatopa v become steady, then press STOP. While recording,
HaxaTtb STOP. Bo Bpems 3anncu ronocom cneayet provide relevant voice annotation. Record end block
[000aBNTb COOTBETCTBYIOLLME KOMMEHTapun. Ha number, condition of overrange indicator and any
CrnpaBO4YHOM JINCTKE TEeXHU4YEeCKUX OAaHHbIX crieayeTt comments on data sheet.
ai”'aiz?g Hac’“é'ggo”‘;cgaeﬁ_l”eefoeiﬂfﬁé EgggﬁaaHMMi"HO i Record cabin pressure and temperature on data sheet.
up@rme 3aF|)v|eanmqﬂ beA A Conditions G4 and G6: Wait for condition to be re-

' established. Available record time with afterburners is
Ha cnpaBO4YHOM NINCTKE TEXHUYECKUX OaHHbIX cneayeT only 20 seconds.
ykasaTb JaB/iEHMs 1 TeMmnepaTypa B KabuHe.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

Ha3emHble nuamepenusa (Pexum uncnoitanmn G3- 2.6 Ground Measurements (Test Conditions G3-G6)
G6) (Camonert Ha cTosiHKe, iBUratenu (Stationary Aircraft, Engines Running, ECS Off)
pa6oTtaioT, CKB oTknio4yeHa)
OnucaxHue Sran Description
Tonbko nocne nocneaHnx Ha3eMHbIX N3MEPEHUN: HaxaTb [2.6.7.1 After last ground measurement only: Press MEMORY
kHonky MEMORY B cekuun SET UP 1 ncnonb3oBaTb button in SETUP section and use CURSOR to highlight
CURSOR pnsa BblaeneHns yctaHOBNEeHHOro Ha3eaHms TU- TU-144 FLIGHT TEST setup name. Press SAVE SETUP
144 Flight Test. Haxatb knasuwy SAVE SET UP, 3atem softkey, then SAVE softkey. When this action is
SAVE. lNocne 3aBepLueHns 3TUxX onepauyiin Knaemwia completed, the SAVE SETUP softkey will come back as
SAVE SET UP Bo3BpaTtuTCSs B NMpexHee NosioXeHune, the left-most softkey.
MOCKOJIbKY OHa ABNAETCH KparHe nesoi. [pnmeyaHue:
JaHHOe YyCTaHOBNEHHOE Ha3BaHWe byaer e . .
MCNONb30BATLCS ANA UCMLITAHUS NPU NEePBOM B3feTe (Note: This setup will be used for first take-off run).
camonerTa.
Mepekntounte DATA CHANNEL MULTIPLEXER SELECTOR| 2.6.8 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK B (Box 104). BANK B (BOX 104).
B cnpaBOYHOM IUCTKE TEXHUYECKMX OaHHbIX cnenyeTt 2.6.9 Record run number, test condition, DATA CHANNEL
ykazaTb HOMep UCMbITaHUA, PEXNM UCMbITaAHUS, MULTIPLEXER SELECTOR position and starting block
nonoxeHne DATA CHANNEL MULTIPLEXER SELECTOR u number on data sheet.
HOMep CTapToBOro 6s0Ka.
BbinonHnTeL onepauun ang aBToMaTtn4eckoro 2.6.10 Perform again the autorange procedures described in
nepekstyeHnsa gmana3oHa oT nNyHkTa 2.6.5.1 o nymkra steps 2.6.51 through 2.6.5.9.
2.6.5.9.
HaxaTtb kHonky OVERRANGE CLEAR B cekuun DISPLAY. |2.6.11 Press OVERRANGE CLEAR button in DISPLAY section.
HaxaTtb kHonky RECORD v yaepxaTb ee. Yaepxnsas Press RECORD and hold. While holding RECORD, press
kHonky RECORD HaxaTtb kKHonKky PLAY, 3aTem oTnyCcTUTb PLAY, then release both buttons.
obe KHoMKW.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

2. Mpouenypbl NpeaB3neTHbIE.

TU-144LL Experiment 2.1 Test Procedures
2. Procedures Before Takeoff

HasemHble namepenus (Pexum ucnoitaHun G3- 2.6 Ground Measurements (Test Conditions G3-G6)
G6) (Camonet Ha cTosiHke, iBuratenu (Stationary Aircraft, Engines Running, ECS Off)
pa6oTtaior, CKB oTknio4yeHa)
OnucaxHue Sran v Description
3anucaTb AaHHble B Te4eHne ogHon (1) MUHyYTbI nocne 2.6.12 Record data for one (1) minute after the light has
npekpaLeHns MmraHnsa nuamkatopa n Haxate STOP. Bo become steady, then press STOP. While recording,
BPEMS 3anmcu rosiocom cnegyet nobasnTb provide relevant voice annotation. Record end block
COOTBETCTBYKOLLUME KOMMEHTapun. Ha cnpaBoYHOM number, condition of overrange indicator and any
JINCTKEe TeXHUYECKUX OaHHbIX cnenyeT 3anucatb HoMep comments on data sheet.
nocnegHero 61oka, NokasaHus MHAMKaTopa Bbixoga 3a
npegensl AManasoHa 1 nobblie gpyrne 3amedaHus.
CoobwmnTb akMnaxy B kabMHe 0 rOTOBHOCTU K nepexoay |2.6.13 Inform cockpit ready for next condition. Repeat steps
Ha CleaylLwnin pexvm ycrnoltaHnd. [NoBTopuTb onepaunm 2.6.2 through 2.6.12 for test conditions 4 and 5.
OT NyHKTa 2.6.2 0o 2.6.12 gnsa pexmmax ncnubitaHns 4 v
5.
MoarortoBka K B3neTy 2.7 Prepare for Take-Off
Onucaxnue Stan v Description
Haxatb kHonky MEMORY B cekumn SET UP v npwm 2.7.1 Press MEMORY button in SETUP section and use
NnOMOLLM Kypcopa BblAeNNTb YCTAHOB/IEHHOE Ha3BaHue CURSOR to highlight TU-144 FLIGHT TEST setup name.
TU-144 FLIGHT TEST. Haxatb knasuwy RECALL SETUP Press RECALL SETUP softkey, then RECALL softkey.
n 3atem knasunwy RECALL.
BcTaBuTb HOBYIO NIeHTy, HaxaTb kHonky SPEED B cekunn | 2.7.2 Insert a new tape, then press SPEED button in
TRANSPORT, a 3atem knaesmwy ENABLE REC READY. [lo TRANSPORT section and then ENABLE REC-READY
rnepexona K Apyrmm onepauyam rnogoxaaTb rnoka B softkey. Wait until a READY message appears in upper
BEPXHEM MPaBOM yrny akpaHa nosiButcsa cnoso READY. right corner of screen before proceeding.
[Mpyn NoarotoBke K B3NeTy 3aKPbITh ALWLMKN STAXKEPKU U 2.7.3 Secure instrument pallet drawers and keys in preparation
3aKpennTb KJo4K. for take-off.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

2. NMpoueaypsbl NpeaB3fieTHbIE. 2. Procedures Before Takeoff

MoarortoBka K B3neTy 2.7 Prepare for Take-Off
OnucaxHue Sran v Description
Mepeknounte DATA CHANNEL MULTIPLEXER SELECTOR| 2.7.4 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
Ha HOBOM CMNpaBOYHOM JINCTKE TEXHNYECKUX OaHHbIX 2.7.5 On a new data sheet, record cassette name and date,
3anmcartb Ha3BaHWE KacCeTbl, YACI0, HOMEP UCNbITaHUS, run number, test condition, DATA CHANNEL
pexum mncnbltaHns, nonoxeHne DATA CHANNEL MULTIPLEXER SELECTOR position and starting block
MULTIPLEXER SELECTOR 1 HOMep HayasibHOro 6s0ka. number.
AMepuKaHCKMe crneunannucTbl BbIXOOAT N3 camoJsieTa 2.7.6 US Team exits aircraft
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

HazemHble namepenunsa (Pexum ucnoitanun G7) 3.0 Ground Measurements (Test Condition G7)
(Camoner Ha cTosiHke, [iBuratenu pa6oraior, (Stationary Aircraft, Engines Running, ECS On)
CKB BknioyeHa)
Onucaxnue Stan Description
MpoBepuTb, 4To CKB (cncTtema KOHANUMOHNPOBAHUS 3.0.1 Verify that ECS (Environmental Control System = air
BO34yxa) paboTaeT Ha MOJIHYIO MOLLHOCTb. Bce yeTbipe conditioning) is running at full load. All four (4) engines
(4) pBuratensa paboTaloT Ha 6G/IM3KO K Tare B3neTa. at close to takeoff thrust.
MepenTtn K cnepyoulen onepaumn, ecnv B npaBom 3.0.2 If READY message still appears in upper right corner of
BepxHeM yrny skpaHa METRUM nogasutca cnoso READY. METRUM screen, proceed to next step. Otherwise,
B npoTtnBHOM cnyyae HaxaTb kHOMKy SPEED B cekumn press SPEED button in TRANSPORT section and then
TRANSPORT, a 3atem knasuwy ENABLE REC-READY. o ENABLE REC-READY softkey. Wait until a READY
nepexona K cnenyloulen onepaumm nogoxnartb, noka B message appears in upper right corner of screen before
BEpPXHEM MpPaBOM Yriy 3kpaHa nossmutcsa cnoso READY. proceeding.
Mepekniounts DATA CHANNEL MULTIPLEXER SELECTOR| 3.0.3 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
Ha cnpaBO4YHOM JINCTKE TEXHUYECKMX OaHHbIX 3anmcaTtb 3.04 Record run number, test condition, DATA CHANNEL
HOMEP UCMbITaHNSA, PEXNM UCTbITaHUS, nonoxeHne DATA MULTIPLEXER SELECTOR position and starting block
CHANNEL MULTIPLEXER SELECTOR n Homep number on data sheet.
HayanbHOro 6roka.
Ana aBToMaTnyeckoro nepeknovyeHns ananasoHa 3.0.5 Perform the following procedures to autorange the input
N3MEepPEHUin YPOBHS BXOAALLIEro curHana Ha METRUM level on the METRUM :
npoaenartb cneayloLwime onepaumn:
Haxatb kHonky BAR B cekumn DISPLAY; 3.0.5.1 Press BAR button in DISPLAY section.
HaxaTtb knasmwy AUTORANGE SOFTKEYS (nocne 3.0.5.2 Press AUTORANGE SOFTKEYS softkey (softkey should
HaXxaTug KfaBuLia O0/KHA 3aropaTbCy). be lit after pressing).
HaxaTtb knasmwy ENABLE AUTORANGE » nogoxaatb 3.0.5.3 Press ENABLE AUTORANGE softkey and wait until
noka noracHeT ocBeLlleHue knasmim ENABLE ENABLE AUTORANGE softkey light turns itself off.
AUTORANGE.
Haxatb knaBsnwy AUTORANGE MODE (nocne HaxaTtusa 3.054 Press AUTORANGE MODE softkey (softkey should be lit
KNaBuLla OOJIKHA 3aropeTtbes). after pressing).
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

HazemHble namepenunsa (Pexum ucnoitanun G7) 3.0 Ground Measurements (Test Condition G7)
(Camonert Ha cTosiHke, [ieuratenu padoraior, (Stationary Aircraft, Engines Running, ECS On)
CKB BknioyeHa)
OnucaHue drtan Vv Description
Haxatb kHornky INCR B cekuun VALUE ENTRY aong 3.0.5.5 Press INCR button in VALUE ENTRY section to switch to
nepexksIloyeHna B peXrnmM aBToOMaTnyeckoro CONTINUQUS autorange mode.
nepekoyeHns ananasoHa namepennin -CONTINUOUS.
Haxatb knasmwy ENABLE AUTORANGE (knaBuwwia 3.0.5.6 Press ENABLE AUTORANGE softkey (softkey should be
LOJIKHa 3aropeTbes rnocsie HaxaTtus) u nogoxaate 10 lit after pressing) and wait 10 seconds.
CEKYH[.
Ona otMeHbl KoMaHabl HaxaTb knasuwy ENABLE 3.0.5.7 Press ENABLE AUTORANGE softkey again to disable.
AUTORANGE ewe pas. Nocne HaxaTus KnaBuLLa OOJKHA Softkey should be unlit after pressing.
NOracHyTb.
HaxaTb kHonky DECR B cekumn VALUE ENTRY gns 3.0.5.8 Press DECR button in VALUE ENTRY section to switch to
nepeknoyeHna B pexum BRIEF - aBTomatnyeckoro BRIEF autorange mode.
nepekNioyeHnsa anana3oHa N3MepPeHnil.
HaxaTtb knaBmwy AUTORANGE SOFTKEYS ang Bbixoga [3.0.5.9 Press AUTORANGE SOFTKEYS softkey to exit autorange
N3 pexunma aBToMaTM4yeckoro nepeksyeHna gmanasoHa function (softkey should be unlit after pressing).
N3MepeHn (nocne HaxaTtua Knasuiia gOoJIKHA
NOracHyTb).
HaxaTtb kHonky OVERRANGE CLEAR B cekunn DISPLAY. | 3.0.6 Press OVERRANGE CLEAR button in DISPLAY section.
Haxatb 1 yaepxumatb kHornky RECORD. YaepxuBas Press RECORD and hold. While holding RECORD, press
kHornky RECORD Haxatb kHornky PLAY, 3aTemMm oTnyCcTUTb PLAY, then release both buttons.
06e KHOMK!.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

HazemHble namepenunsa (Pexum ucnoitanun G7) 3.0 Ground Measurements (Test Condition G7)
(Camoner Ha cTosiHke, [iBuratenu paboraior, (Stationary Aircraft, Engines Running, ECS On)
CKB BknioyeHa)
Onucaxnue Stan v Description
3anucaTtb gaHHble B TeyeHne (1) MUHYTbI nocne 3.0.7 Record data for one (1) minute after the light has
cTabmnusauum (NpekpaweHnus MUraHns) nHomkatopa v become steady, then press STOP. While recording,
HaxaTtb STOP. Bo Bpems 3anncu ronocom cneayet provide relevant voice annotation. Record end block
[000aBNTb COOTBETCTBYIOLLME KOMMEHTapun. Ha number, condition of overrange indicator and any
CMNpPaBOYHOM JINCTKE TEXHUYECKUX AAHHbIX cneayeT comments on data sheet.
3anucarb HoMep nocnefHero 610ka, nokasaHuns Record cabin pressure and temperature on data sheet.
nHaMKaTopa BbiIxoAa 3a npeaensl gnanasoHa un nodble
apyrve 3amMme4yaHus.
Ha cnpaBOYHOM NNCTKE TEXHUYECKUX OaHHbIX cneayeT
yKasaTb JaBNEHUS 1 TemnepaTtypa B kabuHe.
Mepekniounts DATA CHANNEL MULTIPLEXER SELECTOR| 3.0.8 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
3amepbl npu B3nete (Pexum ucnbitTaHun #7) 3.1 Measurements During Take-Off (Test Condition
#7)
OnucaxHue Sran v Description
OTtmeHseTcsa 3.1.1 - DELETED
3.1.5
B cnpaBOYHOM INCTKE TEXHUYECKMX OaHHbIX cnenyeTt 3.1.6.1 Record run number, test condition, DATA CHANNEL
ykasaTb HOMeP UCMbITaHUS, PEXNM UCMbITAHWUS, MULTIPLEXER SELECTOR position and starting block
nonoxexHne DATA CHANNEL MULTIPLEXER SELECTOR n number on data sheet.
HOMep CTapToBOro 6soka.
CoobwmnTb akMnaxy B KabMHe O FOTOBHOCTU K B3NETY. 3.1.6.2 Inform cockpit ready for take-off.
HenocpenctBeHHO nepen npennoneTHON BblIKaTKOW 3.1.7 Just before take-off roll, press OVERRANGE CLEAR
HaxaTb kKHonky OVERRANGE CLEAR B cekuun DISPLAY. button in DISPLAY section. Press RECORD and hold.
HaxaTtb 1 yaepxatb kHornky RECORD. YaoepxunBas KHOMNKY While holding RECORD, press PLAY, then release both
RECORD, HaxaTb PLAY, 3aTem oTnycTUTb 06€ KHOMKMW. buttons.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

3amepbl npu B3nete (Pexum ucnbitTaHmn #7) 3.1 Measurements During Take-Off (Test Condition
#7)

OnucaxHue Sran v Description
[Mocne noknpgaHua kpecna nocrne B3neta (Bolcota 500 M, | 3.1.8 After takeoff (altitude 500m, unless otherwise directed),
€C/In He yka3aHo nHoe), HaxaTtb STOP. B cnpaBoyHOM press STOP. Record end block number, condition of
JINCTKE TEXHNYECKNX OaHHbIX CleayeT ykasaTb HOMeEP overrange indicator, and any comments on data sheet.
CcTapToBoOro 6510ka, NokazaHWsa nHaMkKaTopa BbiIxoda 3a
npenens agnanasoHa 1 Niobble Apyrne 3aMmevyaHus.
U3mepeHunsa B nonere. 3.2 Flight Measurements
OnucaHue drtan v Description
lMpowunssecTtn cnepyouwme onepauun (3.2.2 no 3.2.15) 3.2.1 Perform the following steps (3.2.2 through 3.2.15) for
ONA Kax[Ooro pexmma nonera. each flight condition.
MepenTtn K cnenyoulen onepaumn, ecnv B npaBom 3.2.2 If READY message still appears in upper right corner of
BepxHeM yrny akpaHa METRUM nossutca cnoso READY. METRUM screen, proceed to next step. Otherwise,
B npotnBHOM cnyyae HaxaTb kHornky SPEED B cekumn press SPEED button in TRANSPORT section and then
TRANSPORT, a 3atem knaesmwy ENABLE REC-READY. [lo ENABLE REC-READY softkey. Wait until a READY
rnepexona K cnenyloulen onepaumm nogoxnartb, noka B message appears in upper right corner of screen before
BEPXHEM MPaBOM Yyriy aKpaHa noasutcda cnoso READY. proceeding.
Mepekntounte DATA CHANNEL MULTIPLEXER SELECTOR| 3.2.3 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
Ha cnpaBO4YHOM JINCTKE TEXHUYECKMX OaHHbIX 3anmcaTtb 3.24 Record run number, test condition, DATA CHANNEL
HOMEP UCMbITaHUSA, PEXNM UCTbITaHUS, nonoxeHne DATA MULTIPLEXER SELECTOR position and starting block
CHANNEL MULTIPLEXER SELECTOR n Homep number on data sheet.
Ha4anbHOro 6noka.
[locne OOCTUXEHUE HYXHOIo pexmnma NMCnnTaHnsa ans 3.2.5 When the desired stable test condition has been
aBTOMATUYECKOro nepexksiioyeHnsa gmanasoHa n3mepeHmnin reached, perform the following procedures to autorange
ypoBHS Bxogsuwero curHana Ha METRUM npopgenatb the input level on the METRUM
crnenylowpye onepaunm:
HaxaTtb kHornky BAR B cekumn DISPLAY; 3.2.5.1 Press BAR button in DISPLAY section.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

U3mepeHunsa B nonere. 3.2 Flight Measurements
OnucaHue drtan Description
HaxaTtb knasmwy AUTORANGE SOFTKEYS (nocne 3.2.5.2 Press AUTORANGE SOFTKEYS softkey (softkey should
HaXxaTug KfaBuLla O0/KHA 3aropaTbCy). be lit after pressing).
Haxatb knasnwy ENABLE AUTORANGE v nogoxaatb 3.2.5.3 Press ENABLE AUTORANGE softkey and wait until
rnoka noracHet ocselleHue knasuwn ENABLE ENABLE AUTORANGE softkey light turns itself off.
AUTORANGE.
Haxatb knaBsnwy AUTORANGE MODE (nocne HaxaTtusa 3.254 Press AUTORANGE MODE softkey (softkey should be lit
KNaBuLla OOJIKHA 3aropeTtbes). after pressing).
Haxatb kHonky INCR B cekuun VALUE ENTRY ansa 3.2.5.5 Press INCR button in VALUE ENTRY section to switch to
NepekYEeHNs B PEXMM aBTOMATUY4ECKOro CONTINUQUS autorange mode.
nepeknoyeHns ananasoHa namepeHnin -CONTINUOUS.
HaxaTtb knasmwy ENABLE AUTORANGE (knaBuiia 3.2.5.6 Press ENABLE AUTORANGE softkey (softkey should be
LOJIKHa 3aropeTbes rnocsie HaxaTtuns) u nogoxaate 10 lit after pressing) and wait 10 seconds.
CEeKyHA.
Ina otMeHbl KoMaHabl HaxaTb knasuwy ENABLE 3.257 Press ENABLE AUTORANGE softkey again to disable.
AUTORANGE ewe pas. Nocne HaxaTus KnaBuLLla OOJKHA Softkey should be unlit after pressing.
NOracHyTb.
HaxaTb kHonky DECR B cekumn VALUE ENTRY gns 3.2.5.8 Press DECR button in VALUE ENTRY section to switch to
nepeknoyeHna B pexunm BRIEF - aBTomatnyeckoro BRIEF autorange mode.
nepekNioyeHnsa anana3oHa N3MepeHnil.
HaxaTtb knaBmwy AUTORANGE SOFTKEYS ang Bbixoga [3.2.5.9 Press AUTORANGE SOFTKEYS softkey to exit autorange
M3 pexrmMa aBToMaTn4ecKkoro nepexknyeHnsa auanasoHa function (softkey should be unlit after pressing).
N3MepeHn (nocne HaxaTtua Knasuiia gOoJIKHA
NOracHyTb).
Haxatb kHonky OVERRANGE CLEAR B cekuun DISPLAY. | 3.2.6 Press OVERRANGE CLEAR button in DISPLAY section.
HaxaTtb 1 yaepxumaTtb kHornky RECORD. YaepxuBas Press RECORD and hold. While holding RECORD,
kHonky RECORD HaxaTb kHonky PLAY, 3aTtem oTnycTuTb press PLAY, then release both buttons.
06€e KHOMKM.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

U3mepeHunsa B nonere. 3.2 Flight Measurements
Onucaxnue Stan v Description
Ha crnpaBO4YHOM NNCTKE TEXHUYECKMX OAHHbLIX creayet 3.2.7 Record mach number, altitude, cabin pressure, and
yKasaTtb uncno Maxa, BbICOTY, U OABNEHUSA U cabin temperature on data sheet. Provide relevant voice
TemMnepatypa B kabuHe, ronocom npom3BoasaTcs annotation.
COOTBETCTBYIOLLME KOMMEHTaPUN.
3anucaTb AaHHble B TeveHue (1) MUHyTbl nocne 3.2.8 Record data for one (1) minute after the light has
cTabunmaaunm (NpekpawleHns MUraHus) nHaukaropa v become steady, then press STOP. Record end block
HaxaTb STOP. Ha cnpaBOYHOM JINCTKE TEXHUYECKMX number, condition of overrange indicator and any
OaHHbIX cneayeT 3annucaTb HOMep nocnegHero 6aoka, comments on data sheet.
rnokasaHug nHaoMkKartopa BbiIxoAa 3a npepesbl guarna3oHa
1 nodble gpyrue 3amevaHus.
Mepekntountse DATA CHANNEL MULTIPLEXER SELECTOR| 3.2.9 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK B (Box 104). BANK B (BOX 104).
B cnpaBoYHOM NUCTKE TEXHUYECKUX OaHHbIX cnenyet 3.2.10 Record run number, test condition, DATA CHANNEL
ykasaTb HOMeP UCMbITaHUS, PEXNM UCMbITAHWUS, MULTIPLEXER SELECTOR position and starting block
nonoxeHne DATA CHANNEL MULTIPLEXER SELECTOR wu number on data sheet.
HOMep CTapToBOro 6soka.
BbinonHnTtb onepauun 0 aBToMatn4yeckoro 3.2.11 Perform again the autorange procedures described in
nepexkiyeHns gnanasoHa ot nyHkTa 3.2.5.1 oo nyHkTa steps 3.2.5.1 through 3.2.5.9.
3.2.5.9.
HaxaTtb kHonky OVERRANGE CLEAR B cekunn DISPLAY. [3.2.12 Press OVERRANGE CLEAR button in DISPLAY section.
HaxaTtb kHonky RECORD v yaepxaTb ee. Yaepxnsas Press RECORD and hold. While holding RECORD, press
kHonky RECORD HaxaTb kHonky PLAY, 3aTem oTnycTuTb PLAY, then release both buttons.
o6e KHOMKMW.
Ha cnpaBO4YHOM NNCTKE TEXHUYECKMX OAHHbIX crieayeTt 3.2.13 Record mach number, altitude, cabin pressure, and
ykasaTtb uncno Maxa, BbICOTY, U OaBNEHUS U cabin temperature on data sheet. Provide relevant voice
TemMnepaTtypa B kabuHe, ronocom npom3BoasTcs annotation.
COOTBETCTBYIOLLME KOMMEHTaPUN.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

U3mepeHunsa B nonere. 3.2 Flight Measurements
Onucaxnue Stan v Description
3anucaTtb AaHHble B TeyeHne ogHom (1) MUHYTbI nocne 3.2.14 Record data for one (1) minute after the light has
npekpaLLeHns MmraHusa niamkatopa n Haxate STOP. Ha become steady, then press STOP. Record end block
CMPaBOYHOM NIUCTKE TEXHUYECKUX OaHHbIX criegyeT number, condition of overrange indicator and any
3anucaTb HOMep nocnegHero 6noka, nokasaHus comments on data sheet.
nHamMKaTopa BbiIxoAa 3a npeaensl gnanasoHa un nodble
apyrve 3amMe4yaHus.
CoobwmTb aKmMnaxy B kabmHe 0 roTOBHOCTU K nepexoay |3.2.15 Inform cockpit ready for next condition. Repeat steps
Ha cnegyowmnin pexum. NostopuTtb onepauun 3.2.2 oo 3.2.2 through 3.2.14 for next test condition.
3.2.14 onga nocnenyrowmx pexmmoB.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

U3mepeHunsa B nonere. 3.2 Flight Measurements
OnucaHue drtan Description
Pexum rotoBHocen 1 3anncu,3anyLleHHblii eNCTBUEM B Notes:
MyHKTE 3.2.16 1) The record ready condition initiated in step 3.2.2 lasts
3.2.2 pencTtyeT B TedyeHnn 30 MmnHyT. lNocne kaxaowm for 30 minutes. The clock is reset to 30 minutes each
3anucu time a recording is made. If the elapsed time since the
4acbl BHOBb Ha 30 MUHYT. ECNvi BpeMsi ¢ MOMeHTa Ia_st recording exceeds 25_mi_nut§s, a warn_ing message
nocnenHeli 3an1cy NPEBLICUT 25 MUHYT , Ha 9KpaHe will appear on the. screen indicating “We}z}rnmg: Less than
nosiBuTCS Npeaynpexaexve “ WARNING : Less than 5 5_m/nutes remaining fo_r Record_ Ready.” This message
minutes remaining for Record Ready”-Mpeaynpexaenue will countdown each minute u”ntll the message “Record
, OCTanocb MeHee 5 MUHYT A0 pexmma FOTOBHOCTU K Ready disabled, time expired” appears and a STOP
3AMNNCK . B 3TOM COOBLLEHUMN NMONAET NMOMUHYTHbIN message appears in the upper right corner of the
oTcueT BpeMeHn Ao noasneHuns Haanucu “Record Ready METRUM screen. As long as the READY message
disabled , time expired”- COCTOSHUE FOTOBHOCTM K appears in the upper rlght corner of the METRUM screen
3arn1cu NPoLLO , BPEMSsl UCTEKIO , @ B NPABOM BEPXHEM (even after the first warning message appears}, the clock
yrny akpaHa METPYMa nosisutcs Hagnuck “ STOP “- may be manua!ly reset to 30 minutes b_y pressing the
CTOnmn . SPEED button in the TRANSPORT section and then the

“ " RESTART TIME REM. softkey. If the time has expired
Mpu nosiBneHnn Hapnuey “Ready”- [ OTOBHOCTL B and the STOP message appears, reinitiate the record
BEPXHEM MpaBom yriy akpaHa METPYMa ( aaxe nocne ready condition following the procedure in step 3.2.2.
NosIBNEHNA MNepBOM npeaynpexgainoLlen Haanmeu ) ,
Yacbl MOXHO YCTAaHOBUTbL BPYYHYIO Ha Hayano orc4yera -
30 MUHYT , HaxaB KHonky “Speed”’-CKopocTb B
otaeneHun Transport n , 3aTemMm , HaXxaB KnaBuily “
Restart time rem “- NOBTOPHbLIN 3anyck oTcyeTa BpeMeHU
Ecnun Bpemsa nctekno n nossnsgerca Hagnuck “ Stop “ -
Cton , 3aHOBO 3anycTub PEeXWM rOTOBHOCTU K 3arnncu -
"Record Ready “ cornacHo onepaunsimM , ONMCaHHbIM B
3.2.2
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

Mocapka (Bbicota 1000m Ao npusemMneHus ) 3.3 Landing (Altitude 1000m to Touchdown)
Onucaxnue Stan v Description
[MepenTtn K cnepyoulen onepaumn, ecnv B rnpasom 3.3.1 If READY message still appears in upper right corner of
BepxHeM yrny akpaHa METRUM nossutca cnoso READY. METRUM screen, proceed to next step. Otherwise,
B npotnBHOM cnyyae HaxaTb kHornky SPEED B cekumn press SPEED button in TRANSPORT section and then
TRANSPORT, a 3atem knaesmwy ENABLE REC-READY. [lo ENABLE REC-READY softkey. Wait until a READY
nepexoa K cnenyloulen onepaumm nogoxnartb, noka B message appears in upper right corner of screen before
BEPXHEM MPaBOM Yyriy aKpaHa noasutcda cnoso READY. proceeding.
Mepekntountse DATA CHANNEL MULTIPLEXER SELECTOR| 3.3.2 Switch DATA CHANNEL MULTIPLEXER SELECTOR to
Ha BANK A (Box 104). BANK A (BOX 104).
Ha cnpaBO4YHOM JINCTKE TEXHUYECKMX OaHHbIX 3anmcaTtb 3.3.3 Record run number, test condition, DATA CHANNEL
HOMEP UCMbITaHUSA, PEXNM UCTbITaHUS, nonoxeHne DATA MULTIPLEXER SELECTOR position and starting block
CHANNEL MULTIPLEXER SELECTOR n Homep number on data sheet.
Ha4anbHOro 6noka.
Korga HyXHbI pexmnm byaeT npakTuiecku 3.3.4 When near the desired stable test condition, perform the
OOCTUIHYT,ON19 aBTOMaTUYECKOro nepeknioyeHnsa ypoBH4A following procedures to autorange the input level on the
namepennin Ha METRUM npopgenatb cnegyowpye METRUM
npoweaypsbl.
HaxaTtb kHornky BAR B cekumun DISPLAY; 3.3.4.1 Press BAR button in DISPLAY section.
Haxatb knaBnwy AUTORANGE SOFTKEYS (nocne 3.3.4.2 Press AUTORANGE SOFTKEYS softkey (softkey should
Ha)kaTus KnasuLla O0JIKHA 3aropartbes). be lit after pressing).
HaxaTtb knasmwy ENABLE AUTORANGE n nogoxaatb 3.3.4.3 Press ENABLE AUTORANGE softkey and wait until
noka noracHeT ocBelleHue knasmim ENABLE ENABLE AUTORANGE softkey light turns itself off.
AUTORANGE.
Haxatb knaBsnwy AUTORANGE MODE (nocne HaxaTtusa 3.34.4 Press AUTORANGE MODE softkey (softkey should be lit
KNaBuLla OOJIKHA 3aropeTtbes). after pressing).
Haxatb kHornky INCR B cekuun VALUE ENTRY aong 3.3.4.5 Press INCR button in VALUE ENTRY section to switch to
nepekstyeHns B peXxnmMm aBToOMaTtn4eckoro CONTINUQUS autorange mode.
nepekoyeHns ananasoHa namepenunin -CONTINUOUS.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

Mocapka (Bbicota 1000m Ao npusemMneHus ) 3.3 Landing (Altitude 1000m to Touchdown)
Onucaxnue Stan v Description
HaxaTtb knasmwy ENABLE AUTORANGE (knaBuiwia 3.3.4.6 Press ENABLE AUTORANGE softkey (softkey should be
LOJIKHa 3aropeTbes rnocsie HaxaTtuns) u nogoxgate 10 lit after pressing) and wait 10 seconds.
CEeKyHA.
Ina otMeHbl KoMaHabl HaxaTb knasuwy ENABLE 3.3.4.7 Press ENABLE AUTORANGE softkey again to disable.
AUTORANGE ewe pas. Nocne HaxaTus knasuLLa OOJKHA Softkey should be unlit after pressing.
NOracHyTb.
Haxatb kHornky DECR B cekumn VALUE ENTRY gnsa 3.3.4.8 Press DECR button in VALUE ENTRY section to switch to
nepeknioyeHna B pexum BRIEF - aBTomatnyeckoro BRIEF autorange mode.
nepekNioyeHnsa anana3oHa N3MepPeHni.
Haxatb knasmwy AUTORANGE SOFTKEYS ansa Beixoga [3.3.4.9 Press AUTORANGE SOFTKEYS softkey to exit autorange
U3 pexunma aBToMaTn4eckoro nepekiyeHna gmanasoHa function (softkey should be unlit after pressing).
n3MepeHn (nocne HaxaTtua Knasuiia gOoJIKHA
MoracHyThb).
Haxmute knaBuwy OVERRANGE CLEAR Ha pagucnnee.| 3.3.5 Press OVERRANGE CLEAR button in DISPLAY section.
Haxmunte knasmwy RECORD wu , yoepxmBas ee, HaXmMuTe Press RECORD and hold. While holding RECORD, press
knasuiwy PLAY u 3aTem oTnyctute obe KnaBuLln PLAY, then release both buttons.
Ha crnpaBO4YHOM NNCTKE TEXHUYECKMX OAHHbLIX crieayet 3.3.6 Record mach number, altitude, cabin pressure, and
yKasaTtb yncno MaxaBsennumHy M, BbICOTY, OaBNEHUSA U cabin temperature on data sheet. Provide relevant voice
TemMnepaTtypa B kKabuHe, ronocom npom3BoasaTCs annotation.
COOTBETCTBYIOLLME KOMMEHTAPUN.
Mocne npmndemnenns Haxmute STOP. 3anuwmnte Homep | 3.3.7 After landing press STOP. Record end block number,
nocnegHero 6noka AaHHbIX, pexnum paboTbl MHAMKaTopa condition of overrange indicator and any comments on
OVERRANGE, a Takxe kakme-nmbo KOMMEHTapmn Ha data sheet.
NINCTE OaHHbIX.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

3. Mpouenypbl BO BpemMms nosera.

TU-144LL Experiment 2.1 Test Procedures
3. Procedures During the Test Flight

Mepexon Ha APYrom UCTOYHUK NUTaAHUA 3.4 Power Transfer
OnucaHue drtan v Description
B 3aBncmMoCTM OT nepexona camosieta Ha Opyrom 3.4 Depending on aircraft power switch-over procedures, it
UCTOYHUK NUTAHNA BAa3MOXHO rnepen nepexonom Ha may be necessary to power down the rack before the
APYron UCTOYHUK NUTaHUS NoTpebyeTcs OTKIIOYUTb switch-over, and power it up again afterwards:
nogayvy nMTaHms K aTaxepke a 3aTeM BHOBb MNoAaTth €ro.
[0 nepeknioyeHna NUTaHUg C reHepartopa camoJsieTta Ha 3.4.1 Cockpit informs operator prior to switching power from
BCY, aknnax kabuHbl AOSIKEH COOOLWNTL 06 3TOM ship’s generator to APU.
oneparopy.
HenocpencrteeHHO nepep, nepekitnyeHnemM nmTaHnus c 3.4.2 Just before power is switched from ship’s generator to
reHeparopa camoJsieTa Ha BCromMorartesbHbli 610K APU - Pull out and down on MASTER POWER toggle
nutanns (BCY): BbitaHyTb BHM3 Tym6nep MASTER switch to OFF position (BOX 104).
POWER B nonoxenne OFF(Box 104).
Mocne nepeknoyeHnsa NnutaHna Ha BCY BbITAHYTb U 3.4.3 After power has been switched to APU, pull out and up
noctaBute MASTER POWER B BepxHee nonoxeHne ON, on MASTER POWER toggle switch to ON position to
Ans nogaym nutaHus K ataxepke K3A (Box 104). power up instrumentation pallet (BOX 104).
[MpoBepuTb NOgaYy NUTAHUSA MO TPEM 3eJIeHbIM 3.4.4 Verify power on with three green lights; one for MASTER
nHamkatopam: oanH ana MASTER POWER, BTopon ans POWER, one for 115V 400 Hz, one for 27 VDC (BOX
115V 400Hz, Tpetuin gna 27V DC(Box 104). 104).
Ybeantbes, 4TO paboTaloT oxnaxaaluwme BEHTUNATOPLI B| 3.4.5 Verify cooling fans on top of pallet are running.
BepxHen 4yacTn ataxepkn K3A.
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa TU-144LL Experiment 2.1 Test Procedures

4. lNMpoueapypsbl Nocne nonera. 4. Procedures After Flight

NMpumeuyaHue: 4.0 Note

PaboTbl no cekuysam ¢ 4. no 4.2 BKIOYUTESIbHO The work in sections 4. through 4.2, inclusive, will be

BbIMOJIHAIOTCA aMepuKaHCKMMKU cneuuanmcrtamMmm performed by the US Team with the support of Tupolev

CcoBMeCTHO co cneuunannctamm AHTK um. A.H.Tynonesa. personnel.

MocnenonetHaa Kanmoposka MMKpPO¢dOHOB 4.1 Post-Flight Microphone Calibration

Onucaxnue Stan v Description

AMepuKaHCkme cneunanucTel BXOOAT B camMmoneT 4.1.1 US Team boards the aircraft. Possibly more power down-
up procedures herel!

CHaATb 6enbln konnadvok ¢ npegoxpaHuntens CB5 (BOX 4.1.2 Lift white collar on breaker CB5 (Box 101) and push it in.

101) n yTanuTb NpegoxpaHnuTens.

YcTtaHoBUTb kannbpartop Ha 1kHz n 114dB anq 4.1.3 Set calibrator on 1 kHz and 114 dB for following

crneayroLuyx KanmbpoBoK. calibrations.

YctaHoBuTb DATA CHANNEL MULTIPLEXER SELECTOR 41.4 Set DATA CHANNEL MULTIPLEXER SELECTOR to BANK

Ha BANK B (Box 104). B (BOX 104).

HaxaTtb kHonky MEMORY B cekumn SET UP un 4.1.5 Press MEMORY button in SETUP section and use

ncnons3zosat CURSOR ans BblaeneHns ycTaHOBNEHHOMO CURSOR to highlight TU-144 MIC CAL setup name.

Ha3BaHua TU-144 MIC CAL. Haxatb knasmwy RECALL Press RECALL SETUP softkey, then RECALL softkey.

SET UP, satem RECALL.

Ona kaxgoro n3 8 MmMkpodoHOB 3anmcaTb CUrHan 4.1.6 Overview: For each of the 8 microphones, record the

Kanndparopa B TedeHne Tpuauatn (30) cekyHa Ha calibrator signal for thirty (30) seconds on the METRUM

marHmtopoH METRUM. Ha METRUM oTknio4nTb BCE recorder. Turn off all input channels on METRUM (using

Bxogsdwme kaHanbl (npu nomowm meHio INPUT CHAN), INPUT CHAN menu) except for microphone channel

3a UCKJII0YEHNEM KannbpyemMoro kaHana MMKpodoHa. being calibrated. Fill in microphone calibration log sheet.

Coenatb OTMETKY B AHEBHMKE KannbpoBKN MUKPODOHa. Operation requires two people: calibrator operator

MpumeyaHue: 3amepuTb BbIXoA KaHana Ha SD-380 u (OPC), instrumention rack operator (OPR). Use radio

noaoXaaTtb OO YCTAaHOBKU KOMMEHCcaUMM NOCTOAHHOIO telephones to communicate.

TOKa, Nnepen TeM Kak Havatb Hakanivearb AaHHbIe. (Note: Monitor output channel on SD-380 and wait until
DC offset settles out before acquiring data.)
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

4. NMpouepypsbl Nocne nonera.

TU-144LL Experiment 2.1 Test Procedures
4. Procedures After Flight

MocnenonetTHaa Kanmoposka MMKpPO(dOHOB 4.1 Post-Flight Microphone Calibration
Onucaxnue Stan v Description
4.1.6.1 OPR: Obtain current atmospheric pressure from flight
personnel and record on data sheet. Obtain current
cabin interior temperature and record on data sheet.
4.1.6.2 OPC: move to next microphone.
OPR: turn off all channels on METRUM except for
microphone being calibrated.
4.1.6.3 OPR: enter Test Name (INPUT CHAN screen)
4.16.4 OPR: connect METRUM output channel to input channel
being calibrated (OUTPUT CHAN screen)
4.1.6.5 OPC: make sure calibrator is OFF. Avoid static electricity
discharge. Slip calibrator gently over microphone. Select
1 KHz. Turn ON to 114 dB.
4.1.6.6 OPR: On METRUM bar display select the channel being
calibrated and determine proper range setting.
4.1.6.7 OPR: On SD-380 watch signal (nice sine wave?). Wait for
DC component to die out.
4.1.6.8 OPR: Write down beginning block number
4.1.6.9 OPR: Record signal on METRUM for 30 seconds
4.1.6. OPR: Tell OPC to turn calibrator off
10 OPC: Avoid static electricity discharge. Gently remove
calibrator from microphone.
4.1.6. OPR: Write down ending block number and other
11 relevant information
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TY-1441)1 3kcnepumeHdT 2.1 NMpoueaypa UcnbiTaHusa

4. NMpouepypsbl Nocne nonera.

TU-144LL Experiment 2.1 Test Procedures
4. Procedures After Flight

BbiknioyeHue aBurartens. 4.2 Power Down
Onucaxnue Stan v Description
Ana nepemMoTkn neHTbl Haxatb KHornky REW. o 421 Press REW button to rewind tape. STOP message will
OKOHYaHMM 3TOW onepauuv B BEPXHEM MPaBOM yriy appear in upper right corner of METRUM screen when
akpaHa METRUM nossutca cnoso STOP. o okoH4YaHuu this operation is completed. When complete, press
onepaummn Haxatb KHornky EJECT u cHATb NneHTy. EJECT and remove tape.
BbiTaHyTb BHNU3 Tym6nep MASTER POWER B nonoxenuve | 4.2.3 Pull out and down on MASTER POWER toggle switch to
OFF(Box 104). OFF position (BOX 104).
MpumeyaHue: Note:
HeMeaneHHo Nocne  KaxAoro UCMLITaHNS, U Immediately after each test, and irrespective of
HE3aBUCUMO OT YCIOBUI MOrobl, 3au.|,|/||.|.|,a’Tb BCE weather Condition_s, protect 2'_:1|| transduc_ers in the_
natuvkm (Kulites) Ha BHewwHel o6LumBke biosensxa, outer fusglage _skln by covering them with adhesive
MOKPbIBas UX NEHTOMN Nochne tﬁpe. (Wait until the sll<|n has cooled enough so that
oxNaxaeHnsa obLmrBKkM (BO nabexaHne nnaBneHns the tape does not melt)
NEeHTbIS.
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Appendix G Auxiliary Data

The following pages show plots of auxiliary data required for analyzing the main time history boundary layer, structural, and acoustic data.

Temperatures are shown in the plots as received from NASA DFRC FDAS files. It is obvious that some of them are saddled with an offset which
has been removed in the average data contained in the MATLAB auxiliary data files.
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TU-144LL Flight Test Data - Flight 9 - 10 Second Intervals - Lineup 3

165

160

155

150

145

140

135

130

-
N
[S3]

Gross Weight (gwcalc), tons

120

115

110

30000 Ak 1.2 E
e —— o —
I~ \
27500 ,' me 11
l Ve — -
25000 | “ 10
g, Sy " 1
22500 i 0.9 E
'.' ) "rﬁ-ﬁ-r—--*‘v—-"\ AA
Ton, L W l
al“ l
20000 -, \ 0.8 E
r\‘_:‘ LYW |
1 '-.' l l
17500 f "‘.,. 0.7 E
N | machc
A, |\
8 1 Tt e 5]
& 15000 T 06 &
1= | \-‘J ! *ra, . | =
K ' tap , | §
= 12500 | t \ 05 =
=2 Te, S
g | gwealc Tesl, . [\ £
§10000 ' R ERER] -".".‘. ‘ 04 i
| |
| BES
7500 Ayl \ T 03 ]
(N VSl = R,
] V-
5000 ] 0.2
I R
| \
2500 I Ary 0.1 E
_ .
0 0.0 -
09:0000 091500  09:30:00  09:4500  10:0000  10:15:00  10:30:00  10:4500  11:00:00  11:1500  11:30.00  11:4500  12:00:00
GMT
iy » o pEEE R g
and Times
13 16 19| It PhOPHRPIR2] 264D61iP6]
£l ‘HHHH hl nmnwmm H‘H il

[A]: facct/rgr4320/Projects/HSCT/Flight_Test/TU144/hsr2/exp2_1/7_techdetails/dataanalysis/f09/f9.esb

Figure 51: Flight 9 auxiliary data.
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Figure 52: Flight 10 auxiliary data.
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Figure 53: Flight 11 auxiliary data.
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Figure 54: Flight 15 auxiliary data.
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Figure 55: Flight 16 auxiliary data.
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Figure 56: Flight 17 auxiliary data.
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